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SUMMARY
A project of dating the Precambrian rocks of 
Peninsular India and Ceylon by the Rb-Sr method, with over 
300 analyses, is reported. The project was started in 
1964 to permit comparison of the then poorly-dated Indian 
Precambrian particularly with that of Australia, in the 
light of the theory of continental drift. Emphasis was 
on personal collection of samples in the field with the 
collaboration of local geologists; analyses were made in 
Canberra, with the advantage of avoiding inter-laboratory 
bias„
The geological and geochronological approaches were 
to concentrate on well-mapped areas and use mainly total- 
rock analysis, combining some detailed local sampling 
with reconnaissance sampling. Two tours resulting in 
collection of over 600 samples are outlined.
I
A history of previous work is given separately 
for Indian and for Ceylon.
The areal division of the Indian Precambrian is 
discussed. Nine divisions are defined: two in the north, 
four in the south and three (dealt with in less detail) 
in the east. For each of these first the Precambrian 
geology is summarized, followed secondly by an account 
of the results of the geochronological work and thirdly
by a general commentary in which previous work is discussed 
and the geochronological data applied to the geological 
s equence.
Summaries are given for northern and for southern 
Peninsular India, but not for the eastern part, which was 
scarcely sampled and for which fewer other data are 
available,,
Ceylon, more closely sampled, is treated similarly. 
The results show it to be more complex than previously 
realized from geological mapping. A short chapter on 
Indo-Ceylon comparisons is given.
A chapter follows on general correlation of the 
Precambrian of Peninsular India and Ceylon, with an 
accompanying table. The results of the work permit new 
correlations and necessitate substantial modifications 
of some presently accepted. It is shown that there are 
three nuclei of very old rocks in India, and the 
possibility of some relics of another in Ceylon. In 
the north of India the Bundelkhand Granite forms an 
ancient nucleus. The surrounding Vindhyan System is 
much older than previously thought and has a great time 
span (1400=600 m.y.); the Delhi System is much older than 
has generally been accepted. In the south the oldest 
rocks are relics in a belt extending from southern Mysore
into Kerala, but the main craton is in Mysore-Hyderabad.
A belief in a ’’young" Precambrian tip to the Peninsula 
is shown to be mistaken. The Precambrian of Ceylon is 
proved for the first time to range to over 2000 m.y. 
Southernmost India and all Ceylon repeatedly register 
isotopic disturbance, as do zones along lineaments.
A final chapter is on inter-continental comparisons. 
This in particular compares India and Ceylon with Western 
Australia and shows that there are remarkable similarities. 
In each main area a division can be made into two matching 
parts and more detailed matching can be made of areas of 
rocks of similar age. This gives support to the hypothesis 
that the two continents were once close to each other. 
Further comparisons are made between India and Africa and 
Ceylon, Madagascar and Antarctica, though the lack of 
adequate Rb-Sr data for these other areas makes the 
comparison at this stage less satisfactory than that 
between India-Ceylon and Australia.
Three short appendices summarize the Rb-Sr method 
in theory and practice, describe the treatment of Rb-Sr 
results, and discuss their interpretation, particularly 
for metamorphic rocks.
1 . INTRODUCTION
1.1 Purpose of Project
This project began as an idea of Dr W. Compston in 
1963. The accumulation of geochronological knowledge of 
the Precambrian rocks of Australia and the increasing 
respectability of the theory of continental drift was then 
clearly leading towards a stage at which comparison would 
be necessary with Peninsular India and Ceylon. In the 
opinion of many believers in the theory the three countries 
were close together throughout Precambrian time.
In 1963 Peninsular India with Ceylon was 
geochronologically one of the least-known areas of the 
world. With little prospect of the state of knowledge 
improving without outside help, it was thought that I 
could tackle the problem. As a field geologist with 
several years’ experience, particularly in mapping 
Australian Precambrian rocks, and sampling them for age- 
determination, I was thought a suitable person to organize 
a major project of collecting appropriate samples in the 
field with local help, and analyzing the samples in 
Camberra.
This proposal had two advantages. The first was 
that the geologist collecting in the field and the 
geochronologist analyzing in the laboratory would be one
1 .
2and the same. The second was that analysis of Indian 
samples in Canberra would eliminate inter-laboratory errors 
in inter-continental comparisons.
After approval of the project I travelled to Australia 
from England via India, and there discussed the project 
with the then Director-General of the Geological Survey of 
India, Dr B.C. Roy. It was clear that such a project would 
be welcomed by the Survey. Most geologists in India were 
at that time extremely busy preparing for the International 
Geological Congress to be held in New Delhi in December- 
January 1964-65 and a field tour would best be made in the 
northern hemisphere winter months which would include that 
period. However, the compensating advantage was that I 
would be able to meet many Indian and foreign geologists at 
the Congress. Although India was overloaded with geological 
visitors that winter, I was able to delay my collecting in 
the Republic until after I had collected in Pakistan and 
in Ceylon.
It was not possible to discuss the project with the 
Geological Surveys of Pakistan and Ceylon in August 1964, 
but correspondence with them showed that each would be 
most willing to co-operate. At the Congress I was able to 
meet the Assistant (now Deputy) Director of the Ceylon 
Geological Survey Department, Mr D.B. Pattiaratchi, and
3arranged a tour. This was very conveniently combined in 
part with a revisit to the island of Dr R.L. Oliver who 
had spent two years in Ceylon and was returning by sea 
from study leave in Norway to his staff post at the 
University of Adelaide. In Pakistan, which has a 
relatively small area of Precambrian exposed. I did most 
collecting with Dr Rhys Glyn Davies, then Leverhulme 
Professor of Geology at the University of the Panjab, 
Lahore. I later called on the Pakistan Geological Survey 
and received willing collaboration from Dr Mosinhul Haque, 
the Director-General, and also from the USAID team then 
in Quetta headed by Dr Max White of the United States 
Geological Survey.
In February 1965 I visited Afghanistan and talked 
usefully with the President of the Afghan Geological 
Survey, Dr Said Hashem Mirzad, and also with the Head 
of the German Geological Mission, Dr Schreiber.
Collection in Afghanistan at that season was impracticable 
and was deferred. Investigations there would in any case 
complement work on Himalayan rather than Peninsular 
Precambrian rocks.
1.2 Organization of Project
It was felt that, in common with our Australian 
experience, two collecting tours would be necessary. The
4results of analysis of one suite of samples invariably 
seems to raise problems, geological as well as 
geochronological, that can be satisfactorily solved only 
by supplementary collection.
The first tour was planned for the cool season of 
1964-65 and the second probably for the next cool season. 
In fact, a delay of almost one year in receiving the 
samples collected on the first tour in the Republic of 
India led to what was thought to be abandonment of a 
second tour. Following my being granted an extra year 
to complete the project I was able to make a second tour, 
though in the rainy season, in June-August 1967. This 
was rather longer than I had expected it to be, as I was 
asked by Professor Jaeger to plan a tour to include 
palaeomagnetic sampling by Dr M.W. McElhinny. His needs 
were different from mine geographically, but a suitable 
tour was devised and the extra time I spent was more than 
compensated for by his good companionship and the 
opportunity for seeing more of the geology of India.
By arrangement with the Geological Surveys of India 
and Ceylon I was able to use their vehicles. In practice 
this was an excellent arrangement, as it was possible to 
fly or take a train between centres, and relieved me of 
the problems of either driving or finding suitable
5drivers. In Pakistan Professor Glyn Davies provided 
transport.
1.3 Sampling Proposals
General It will be obvious that however the sampling
was to be organized, with the hardest work in both field
and laboratory relatively little could be done in an
1area so large as India and that the project could only 
be a first step. The area of outcrop of Precambrian 
rocks in India is almost that of their outcrop in 
Western Australia. Further, the state of geological 
knowledge in this vast area is extremely variable. To 
some extent access is also a problem. Finally, the state 
of existing geochronological knowledge and studies needed 
to be considered. I feel I should add too that it was 
never my intention, at least in the part of the project, 
to concentrate especially upon the areas along the east 
coast nearest to Australia. Neither in Australia nor in 
India at the time of starting was there a satisfactory 
Precambrian geological or geochronological column. In 
my opinion the effort in India needed to be spread over
The word India will commonly be used for the territories 
of the Republic of India, the Republic of Pakistan, and 
Ceylon, at the risk of distressing those who prefer the 
politically innocuous mouthful Indian sub-continent.
This does not imply that I shall refrain from using that 
term when it seems appropriate.
6the entire area, leaving aspects such as coastal matching 
for later work. I was of course influenced in this by 
the poorness of the geological knowledge of much of the 
east coastal zone in India, and my belief that, just as 
the palaeomagnetic flag should follow the geochronological, 
so should the geochronological follow the geological. 
Geochronology is not a substitute for mapping.
At this stage of writing-up the results it is 
difficult to recall how little I knew of Indian geology 
in 1964. Reading textbooks and a mass of papers and 
reports is nothing like so satisfactory as knowing or 
even seeing the ground. When I sampled South Australia 
in 1958, and more so in 1961, I was thoroughly familiar 
with a good deal of it. I arrived in India almost 
entirely ignorant. Correspondingly, it is probably fair 
to say that those able to advise me on its geology were 
inexperienced in our geochronological sampling needs and 
the majority could not be seen personally in advance of 
my arrival in a particular area.
I
There is also the point that one person handling 
alone a project of this size and scope, and of such 
interest to the local geologists, is rather in the 
position of a single tug coping with a newly-launched 
ocean liner: however strong-minded, he is at the mercy of 
some powerful forces.
Finally, it should be realized that tours of this 
kind in India have to be organized well in advance and 
once arranged are difficult to modify. This is partly
7
because of a wish to provide accommodation of a standard 
and comfort thought necessary for foreign visitors, and 
is a reflection of the hospitality of the hosts. In doing 
this they are dependent upon elaborate paperwork in 
booking rooms at a whole network of Government resthouses, 
dak bungalows and the like, accommodation which is 
commonly fully booked. These arrangements were very 
efficiently made.
Geochronological Approach The geocnronological approach 
to the project has been to combine detailed sampling 
hopefully leading to well-documented ages of emplacement 
for rocks of particular interest, with essentially 
reconnaissance sampling over much larger areas, by which 
the relatively isolated age determinations might perhaps 
be extended. Previous reconnaissance K-Ar studies on 
minerals gave ages now believed to date times of uplift 
rather than emplacement (though for high-level extrusives 
these may coincide). In contrast the reconnaissance 
aspects of this study have been carried out almost 
entirely using total rock Rb-Sr analysis, which in 
general yields maximum ages of emplacement. A new
8uncertainty is substituted for the problem of argon loss,
8 7 86namely the variation in initial Sr /Sr ratio which 
particularly affects samples poorly enriched in 
radiogenic strontium.
This approach is bound to generate new problems 
as well as solve others. For example, some of the key 
rocks may prove to be undateable by total rock Rb~Sr 
analysis except by the investment of a very large 
effort. In such cases the problem has been abandoned 
in favour of seeking conclusive results from other rocks, 
the dating of which may be used in solving the problem.
1.4 1964-65 Tour (See Maps 1 and 2)
Because of the Congress, and of my limited knowledge, 
details of the first tour were left largely in the hands 
of the particular Geological Surveys, except in Pakistan. 
Early in December 1964 I arrived in Calcutta intending 
to join Dr J.A. Dunn in Bihar before spending ten days 
at the International Congress. Dr Dunn had been a 
senior geologist for many years with the Geological 
Survey of India and was revisiting areas he had mapped,
I arrived to find that he had been taken ill and advised 
to return home to Australia, where he soon died, I 
regret not having had the opportunity to travel in the 
field with so distinguished a contributor to Indian geology.
Following the Congress I went first to the Shillong 
Plateau of Assam, returning to Calcutta on 31st December. 
I then went to West Pakistan, where Professor Glyn Davies 
took me from Lahore to the Kirana Hills, the northernmost 
outcrop of the Peninsular Precambrian, and to the Salt 
Range. We also collected in the Lesser Himalaya of 
Hazara, Malakand, and Swat. As he was obliged to cut 
short his tour I made a short visit to Gilgit, and 
travelled east to the confluence of the Gilgit River with 
the Indus on the north side of Nanga Parbat. I then 
attempted to get from Rawalpindi to Quetta, which was 
snowbound, unexpectably did so, and was introduced to 
the Pakistan Survey by Dr Max White of USAID, who had 
flown in with me. From there I flew to Colombo, having 
arranged a three-week tour of Ceylon at this time to 
avoid the forthcoming general elections (during which, 
believe it or not, the entire Survey staff is obliged 
to engage in electoral duties). Mr L.J.D. Fernando, the 
Director, and Mr Pattiaratchi made excellent and 
generous arrangements in spite of numerous other urgent 
commitments and I was able to sample very extensively,
Dr R.L. Oliver joined me for one week. I then flew to 
Calcutta expecting to be able to start my tour of India 
immediately after arriving. I was told that no definite
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arrangements had been made and that about two weeks would 
be needed to make them. So I decided to visit 
Afghanistan and to return to India via West Pakistan, 
having arranged that the Indian tour should start in 
Delhi and proceed in a counter-clockwise direction.
After three days in Kabul I drove to Peshawar, it being 
impossible to fly because of blizzards. Professor 
Davies and I revisited the Salt Range and I flew on from 
Lahore to Delhi.
From there I started a month’s tour of India by 
going first to Jaipur. After collecting widely in 
northern Rajasthan with Mr Muktinath and Mr Raja Rao 
I flew to Udaipur and collected Aravalli and Banded 
Gneiss Complex material with Mr B.C. Poddar and Mr V. 
Mahajan. I flew on to Bombay and took the train to 
Poona where Dr A.P. Subramaniam had arranged transport 
to the south coast of Maharashtra. After three days 
collecting there I went on by train to Bangalore.
In Mysore I visited the State Mines Department 
and with Mr S.P. Nautiyal and his staff of G.S.I. 
collected Peninsular Gneiss and Closepet Granite in the 
environs of Bangalore, in the Kolar Goldfields and along 
the road to Mysore city. I continued this drive south 
into the western part of Madras State, passing through
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the charnockitic zone in the Nilgiri Hills and collecting 
also east of Coimbatore from the soda-syenites of 
Sivamallai.
From Coimbatore I went on by train to Madras, where 
I collected the type area charnockites from St. Thomas’ 
Mount and Pallavaram. I made a trip north to the Nellore 
mica belt near Gudur. From Madras I flew to Hyderabad. 
There Mr S.N. Sen of G.S.I. took me to Osmania 
University, introduced me to Dr M.S. Krishnan and 
Professor Janardan Rao. We collected the local granites 
and I was also given much Cuddapah material by Mr Sen.
I then flew to Vishakhapatnam, where Dr U. Aswathanarayana, 
then Reader at Andhra University, accompanied me on local 
visits to collect mainly charnockitic rocks and to the 
ferro-maganese mine at Garividi. I ended the tour by 
flying to Calcutta. At that stage I would have visited 
Bihar, but I was worn out. The whole tour, Calcutta to 
Calcutta, covered 27000 km and a total of 323 samples 
were collected (186 from India, 41 from Pakistan and 96 
from Ceylon).
1.5 1967 Tour
It was obvious from the results I had been able to 
obtain from the 1965 samples that a tour was needed to 
collect supplementary material. The principal needs were
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(a) samples of alleged ’young’ Precambrian from the 
extreme south-west of India in Kerala; (b) undoubted and 
preferably little-metamorphosed Dharwar System lavas from 
Mysore, and more granitic material (c) any flows or 
intrusives from the Vindhyan, particularly those noted by 
Auden in the Son Valley; and (d) a suite of samples from 
the Bundelkhand Gneiss. There was no point in my 
attempting to extend the overall survey to those very 
substantial parts of the Peninsular Precambrian outcrop 
in central India and in Bihar-West Bengal-Orissa which I 
had not even visited in 1965, as this would have meant 
virtual duplication of the project. And though I lacked 
adequate sampling of the eastern coastal zone, because of 
its extent and poor communications sampling would have 
involved too long a stay.
The need for Dr McElhinny to visit Nagpur, the 
Rajmahal Traps of West Bengal, the Vindhyans generally 
and the Panjal Traps of Kashmir allowed me to combine 
much of his area with my northern needs, and to do some 
Himalayan sampling. I therefore arranged in detail a 
comprehensive tour which was accepted in its entirity 
by the Survey. This involved my arriving from Ceylon 
(where I felt obliged to return to discuss my results 
rather than to do much collecting) and moving north. I
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did some collecting at the Maskeliya damsite at Mr.
Pattiaratchi*s request and then flew via Madras to 
Trivandrum and went by inland road to Cochin, collecting 
on the way. From there I flew to Bangalore, where I met 
Dr S.V.P. Iyengar of G.S.I., Dr Radhakrishna of the State 
Mines and Geology Department, and Professor C.S.
Pichamuthu; we had most useful discussions. I then 
started out on an intensive six-day tour with Mr. 
Mallikarjuna of G.S.I., mainly collecting Closepet Granite, 
Dharwar lavas and Peninsular and other gneisses. The tour 
extended into Andhra at Kurnool, where I made a short 
diversion into the Cuddapah Basin, returning to take a 
train to Hyderabad.
In Hyderabad I was joined by Dr McElhinny and we 
had valuable meetings with Dr Hari Narain and his staff 
at the National Geophysical Research Institute. I gave 
a lecture to the Indian Geoscience Association. We left 
by train for Nagpur, saw that palaeomagnetic sampling of 
the Kampthee Beds would be pointless, and flew on to 
Calcutta.
In Calcutta we had talks with the Director-General 
of the Geological Survey, Mr G.C. Chaterji, and various 
staff members; we each gave lectures. We then made a 
trip to Darjeeling to sample the Darjeeling Gneiss and the
14
Dalings with Mr. S.S. Saha.
After flying back from Bagdogra we left by road with 
Mr. Roy Choudhury to collect palaeomagnetic samples from 
the Rajmahal Traps; this permitted my collecting some 
"Bengal Gneiss". Following this we went by train from 
Sahibganj on the Ganges bend to near Allahabad, where we 
were met by Mr. A.P. Tewari and taken to Benares. We 
travelled south to collect the Chopan dykes in the Son 
Valley and then went west through Rewa to Panna and 
crossed the Bundelkhand Gneiss, making a diversion south 
to collect Bijawar Series lavas. At Gwalior we combined 
palaeomagnetic and geochronologics sampling of the 
Gwalior Series lavas. Dr McElhinny then diverted west 
from Agra to collect Vindhyan redbeds after which we flew, 
with several crates of rocks, to Delhi.
After this thoroughly exhausting tour we were glad 
to go to the cool air of Simla, where a collection of 
Simla Slates and Jutogh Beds was made. We drove down 
to Chandigarh and then flew to Kashmir. A week was spent 
there collecting the Panjal Traps near Srinagar and around 
Wular Lake, and collecting Salkhala Formation and Dogra 
Slate samples in both the Great Himalaya and the Pir 
Panjal. We drove out over the Banihal Pass to Jammu and 
made further collections en route. After being delayed
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by floods we flew then to Delhi,
As it was then necessary for Dr McElhinny to visit 
Pakistan which involved at that date going first to 
Afghanistan this we did, and separated there. I had 
further talks with the Afghan Survey and returned to 
Delhi. I made a short trip to Jaipur at the request of 
the local geologists. From Delhi I was obliged to fly 
to Calcutta via Nepal because of a strike. This gave 
me the opportunity both to call on the Indian Geological 
Mission in Kathmandu and to see sections along the 
newly-opened Chinese-built road from Kathmandu to the 
Tibetan frontier.
After completing arrangements for air freight of 
samples (which was done through the good offices of 
the Australian Trade Commissioner) I flew to Australia 
via Bangkok, where I talked with the geological staff 
of ECAFE, arriving in Canberra on August 8th.
This second tour extended for over 17,000 km 
(Colombo to Calcutta) and 293 samples were collected 
for geochronological work (271 from India, 17 from 
Ceylon, and five collected for me by Dr McElhinny in 
Pakistan).
1.6 Distribution of Sampling
It will be apparent from the above account that 
the actual distribution of sampling was the result of
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several factors. From the map showing their distribution, 
(Map 3) it will be equally apparent that such description 
of the geology as it is necessary to give below will be 
more detailed for some areas than for others.
It is not intended here to give any substantial
account of the extra-Peninsular area, because although
some collection has been done there, the analyses have
scarcely been started. The emphasis has been on the
Peninsula in the conventional sense. Of this vast area,
my work has been confined very largely to the south and
to the north-west. The emphasis on the south needs no
explanation, though the greater concentration of sampling
in Mysore rather than Madras does reflect the greater
knowledge of the former, and, not least, the fact that
a geological map on a scale of 1 inch to 8 miles is
2available, even if it does date from 1916,
2The lack of published geological maps on a regional scale 
in India has very seriously inconvenienced me. In common 
with almost every other worker I regard the failure to 
publish properly in map form the valuable work of 
generations of Survey geologists as lamentable. In this, 
if the Geological Survey of India differs from other 
Surveys only in degree, it differs rather too much. It 
cannot be too strongly emphasized that it is the duty of 
Geological Surveys not only to survey but to make known 
the results of their surveys with as little delay as 
possible. The Geological Survey of India employes over 
1000 geologists and urgently needs to rectify its map 
publishing policy. The matter is made still worse by 
difficulty in getting topographical maps because of 
restrictions imposed by the Defence department.
3DECCAN TRAP
SAMPLED
AREAS
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The emphasis on the north-west needs explanation.
It is highly complicated but relatively well-mapped area, 
and one in which many workers are actively interested.
The mapping of it was systematic and in great part done 
by Heron and his team, so that a synoptic view can 
readily be obtained. It is also one of those areas 
that once seen are difficult to get out of one’s system. 
Although I decided against including it in my second tour 
I did in fact revisit it briefly and I have been given 
many samples from it. This has permitted me at least 
to make a start on the geochronology of an area which 
was one of the first to be studied in this manner, and 
from which studies some mistaken notions affecting the 
whole of Indian Precambrian geochronology have become 
too well established.
In the eastern coastal zone my sampling has been 
sparse. This is not a well-mapped area by modern standards, 
while it is the one area where most geochronological work 
has been done. The important and much better-known area 
of Bihar and Orissa was also the subject of other work.
While my own work might have provided a useful comparison,
I suspected that the very complexity of the area would 
necessitate a project in itself. I remain convinced of 
this, and the same is probably true of the less wel1-known
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central Indian area and the even poorer-known continuation 
of this towards the north-east. Such sampling as I did 
in the north-eastern part of the Peninsula was, therefore, 
incidental.
Sampling in West Pakistan was carried out on a more 
personal basis, largely so that the work of Professor Glyn 
Davies and his colleagues and students could be assisted. 
However, so few are the possible Precambrian areas that 
I was able to cover probably all of them in doing this.
In Ceylon it was intended to cover the whole island 
in a general way, for although Ceylon was the location 
for sampling very early in the history, the absence of 
any data other than ’young' Precambrian ages, and yet the 
agreed correlation with probably older rocks in South 
India, made it very desirable to do a thorough job. 
Emphasis was nevertheless placed on parts of the island 
which had already been mapped during the course of the 
recently started one-inch survey. The smallness of the 
Survey staff made for easy collaboration.
Partly because of the commonly asserted relationship 
of the Ceylon and Eastern Ghats rocks to the rocks of 
Central Burma I made attempts late in the project to 
obtain a few Burmese rocks. One sample was obtained 
from the pre-1937 collections in Calcutta. Two were sent
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by the Institute of Geological Sciences in London from 
old Imperial Institute exhibition material of 1928. Some 
more are being collected by a visiting British gemmologist. 
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2. PREVIOUS WORK 
2.1 General
In discussing previous work and the present work - a 
distinction must be made between analyses and age- 
determinations . This distinction is often blurred in the 
minds of geologists; in fact among many geologists the 
difference is not appreciated. Moreover the concept of 
an age-determination is changing, as improvements in 
technique and in critical examination of analyses 
continually take place. It should also be realized that 
some of the very early analyses were incidental to other 
studies.
The very important question of the interpretation 
of Rb-Sr (and other isotopic) analyses is discussed in 
Appendix A.4. In my work the problem of interpretation 
of analyses of metamorphic rocks is paramount.
I made no accurate check on the number of age 
determinations available for the Precambrian of the 
Indian sub-continent at the time I started the project. 
This was partly because at that stage I was hardly 
capable of deciding when an analysis was alone, or with 
others, a reliable age-determination, and partly because 
there were so few analyses that it scarcely mattered. 
Pichamuthu (1968) was compiling his book at about that
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time and he shows 27 ages on a map; one of these is in 
the Himalaya.^ The map covers neither West Pakistan nor 
Ceylon. For the former country no analyses were then 
available. For Ceylon matters were rather different as 
in common with south-west Indian pioneer workers on 
radioactivity studies had made several analyses of rare- 
earth minerals from these areas since the early years of 
the century. Even so, Pichamuthu quotes only ten 
determinations for Ceylon, several of these being 
averages of multiple analyses.
2Thus for an area of about 1,300,000 km less than
240 determinations were available, i.e. one per 32,500 km . 
It would be inelegant to ask how reliable some of these 
were; it will not be inappropriate to inquire into some 
of the interpretations placed upon them; and it is 
probably fair to say that the number of reviews of the 
geochronology of the Indian Precambrian that had been 
written around them - including the inevitable comparisons 
with the Algonkian - possibly exceeded the number of 
determinations.
list I received from the Geological Survey of India 
in June 1968 showed 139 ’'determinations".
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2.2 Ceylon
The earliest attempt to date Ceylon rocks was 
incidental to a study of the disintegration products of 
uranium carried out by Boltwood (1907). Analyses of the 
uranium and lead in six Ceylon thorianites were made, and 
analyses of helium in three of them. However as at that 
time the rate of disintegration of uranium was not known, 
Boltwood calculated ages for two of the thorianites using 
a method of Rutherford’s based on the latter’s measurement 
of the rate of decay of radium and the assumption that 
”in any time the weights of uranium and radium which 
undergo transformation are the same”. The ages calculated 
were 860 m.y. for a thorianite from Galle District on 
the south-west coast, and 2200 m.y. for one from the 
Sabaragamuwa Province, an inland south-western province.
The next work was that of Strutt (1908, 1910 a, b, 
c, d) later Lord Rayleigh. He determined helium ratios 
for three Ceylon zircons at a time when the decay constant 
was still very poorly known. He did not calculate their 
ages but from his data, using his provisional constant 
of about 11 m.y. for one unit in the helium ratio, they 
would vary from 70 m.y. to 218 m.y. In the same year he 
analyzed two kinds of thorianite from Galle and stated 
that these could be as much as 280 m.y. old. He recognized
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that these were minimum values.
Holmes (1911), working in Strutt’s laboratory, found 
that the oldest of 17 samples measured by the U-Pb method 
was a Ceylon thorianite and calculated its age to be 
1640 m.y. In a major review Holmes (1915) emphasized that 
helium ratios in particular would be likely to give 
minimum ages. However he was obliged to point out also 
that a belief then current that some of the radioactive 
minerals of Ceylon ’’occur in the oldest part of the 
earth’s crust must be abandoned”. It is pleasing to see 
that one of the reasons he gave for this was the sequence 
of igneous intrusion and sedimentation then accepted by 
Ceylon geologists. The belief had developed from a failure 
to realise that not all the accumulated lead in the 
thorianites had been generated by decay of uranium. The 
age estimates were thus too high, and the errors were not 
discovered until the identification of ThD as an isotope 
of lead about 1917.
Much of the work on Ceylon thorianites and other 
minerals such as zircons was done on beach sand concentrates 
rather than on separations from particular samples taken 
from fresh rock. As Holmes (1931) pointed out, since 
zircons occur both in zircon granites and in later 
pegmatites in Ceylon, ’’ages” obtained from them were of
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doubtful meaning. It is rather remarkable that so great 
a geologist and petrologist as Holmes did not go to the 
trouble of getting rock samples. But at that date more 
importance was often attached to the results in their 
relevance to attempts to establish reliable decay constants 
(Kovarik 1931). Holmes characteristically did make 
suggestions for future work on other rare-earth minerals.
Much later Holmes (1955) summarized the existing 
data on Ceylon, and he was able to do this on one page 
of text. In addition to his own work he quoted that of 
Nier (1939), Wetherill (1954) and referred to work about 
to be published in full by Gottried et al, (1956) Tilton 
et al (1957). With the exception of an uncorrected 
zircon age of 1050 m.y., which Holmes said "provides a 
little evidence that the Khondalite Series of Ceylon is 
very much older than 485 m.y. ... consistent with its 
geologically well supported correlation with the rocks 
of the Eastern Ghats belt", all the ages quoted were less 
than 570 m.y. All were mineral ages, and all from the 
Balangoda and Galle districts of the south-western part 
of the island. On the basis of these data he postulated 
a Balangoda Group, and implied the existence of a cycle 
of the same name ending at 485 m.y. It is evident that 
he believed it began after 735 m.y., the age he obtained
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for post-Delhi pegmatites in northern India over 2000 km 
away. He suspected that the Balangoda group rocks 
existed also in Travancore (Kerala State) in India.
Since then little work has been done on Ceylon. 
Wilson and Shillibeer (1955) record two K-Ar analyses of 
potash feldspar; Mayne and York (1958) four K-Ar analyses 
of micas. These were the first fruits of the new mass- 
spec trome trie techniques. Although the feldspars and 
two of the micas were from the north-central and 
eastern parts of the island, all gave ages of less than 
650 m.y. The only data since published has been by 
Russian workers. Afanasyev et al (1964) gave 11 K-Ar 
analyses, and 16 others were quoted in Cooray (1965) 
all being K-Ar analyses of micas by Obruchev and Gerling 
on specimens sent to them by Cooray.
Thus by the end of 1964 there were about 50 analyses 
for Ceylon. All were on minerals, mostly from a 
relatively small area in the south-west, and none were 
by Rb-Sr. The oldest age that had been obtained - 
excluding the pre-1917 "ages” - was for a charnockite 
from the Ratnapura area, which Afanasyev et al reported 
as 778 m.y.
2.3 India
The earliest work on the radioactivity of Indian 
rocks was by Smeeth and Watson (1918), using Mysore
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minerals. Smeeth was the Director of the State Department 
of Mines and Geology. This was an ingenious study, in 
which attempts were made on the basis of radium content 
to distinguish the various divisions into which the 
Mysore rocks were then classified. In fact it may have 
been the first time that stratigraphic allocation was 
modified using radiometric determinations, for the 
similarity of the amounts of radium in two traps (i.e., 
meta-lavas) and the difference from the amount in 
another led to the separation of the latter from the 
first two on the geological map, in spite of a proposal to 
class them all together. The authors especially noted 
the low radioactivity of the charnockites in comparison 
with the schists of the Dharwar System and the Peninsular 
Gn e i s s .
Holmes (1918) analyzed U and Pb in uraninite from 
Singar mine, Gaya District (Bihar) but as he was able to 
determine the Th only in 1932 the age was not reported 
until much later (Keevil 1939) and was discussed further 
in papers by Holmes (1949, 1950a), when a final figure 
of 955 + 40 m.y. was given. In the 1949 paper Holmes 
reported two more determinations: one on uraninite from 
Bisundni, Rajasthan (735 + 5 m.y.) and another on monazite 
from Soniana, Rajasthan. The latter could not be dated
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any more accurately than between 700 and 865 m.y. Using 
these together with the Singar uraninite age, and another 
age obtained by T.C. Sarkar (1941) on a monazite from the 
same locality, Holmes postulated a ’’broad sequence in the 
Precambrian areas under consideration” of a pre-Vindhyan 
Delhi cycle succeeding a Satpura cycle that in turn 
succeeded an Aravalli cycle. He also quoted two analyses 
of samarskite from the Nellore mica belt, which he 
evidently regarded as part of the Eastern Ghats, and 
seemed disturbed by the differences between the two ages 
of 830 and 1550 m.y. These suggestions provoked some 
criticism in a long review by Fermor (1950), who made 
several pertinent comments. One was that ”it is difficult 
to see what conclusion can be drawn from these data 
except that some of the pegmatites of Peninsular India 
range in age from 700 to 960 (or 1550) million years.
They give no information concerning the relative ages of 
the schistose formations of different parts of the 
Peninsula, nor do they show whether the data relate to 
pegmatites of more than one age, though this seems not 
unlikely”. Fermor demonstrated that Holmes’ deductions 
depended upon very uncertain, and in part mistaken, 
tectonic extrapolations which could equally justifiably 
be interpreted in the reverse way from that of Holmes.
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He added that not one of the determinations recorded 
related to any one of the three belts mentioned by Holmes. 
Fermor was of course referring to the geographically 
precisely delineated provinces defined by him several 
years earlier (Fermor 1936a, 1936b). Fermor made a 
further and in my opinion very important point, that 
he ’’preferred not to deal with cycles and the relative 
ages of belts, but with the relative ages of the rock 
systems that form such belts”. Holmes’ reply (Holmes 
1950b) avoided discussion of the latter aspect, admitted 
what seems to have been a certain casualness in his 
tectonic interpretations (carried out at one stage with 
a very small-scale topographic map), ignored the charge 
of wrong attribution, and discussed the question of the 
dating of the Cuddapahs. He said it was important not 
to overlook - though evidently he had done just that - 
the attempt by Dubey (1930) to date the Gwalior Series 
using helium ratios. Dubey had obtained ages ranging 
from 500 to 200 m.y. Holmes believed that although this 
method gave minimum ages, attempts to date the Whin Sill 
(a Phanerozoic rock in Britain) by the same method had 
given good results, so the Gwaliors were not much older 
than 500 m.y. He suspected that the Cuddapahs were to 
be correlated with them.
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Russell et al (1954) obtained a "conventional'1 lead 
age on galena from Inguladhal, north of Chitaldrug (now 
Chitradurga), extracted from Dharwar schists. In his 
important 1955 paper Holmes referred to this, and added new 
data on monazite from Yadiur (Yediyoor) near Bangalore.
He also reported analyses of a detrital monazite from 
the Eastern Ghats of Satbhaya, Orissa; three samarskites 
from the Nellore mica belt, three new Satpura belt 
analyses (pointing out that two of them were from Ranchi, 
which should satisfy Fermor) and two rather unsatisfactory 
analyses of monazite and cheralite from Travancore.
On the basis of these data, some of them not very 
reliable, and using the same interpretation of structural 
trends which Fermor had criticised (interpreting them 
this time rather less confidently), Holmes set up five 
orogenic cycles for the Precambrian of Peninsular India 
and Ceylon. Such was his authority that these have 
become widely accepted. It is questionable if any 
geologist, even of Holmes’ standing, in Australia, North 
America or Europe had acted similarly on twelve 
determinations, his conclusions would have been 
accepted so uncritically. This is not to deny the 
immense contributions to geochronology by Holmes and the 
shrewdness of some of the comments in this particular
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paper. But there seems point in recalling Dunn’s remark, 
in a review (Dunn 1937) of Fermor’s own well-known 
attempt to correlate the older Precambrian rocks of 
India (by a curious hotchpotch of non-radiometric 
criteria): ” ... we are too prone to think of the country 
as a geological entity, forgetting its vastness and the 
great distances separating the mapped areas”. Holmes' 
cycles have become entrenched in the literature. The 
persistence of his views among Indian geologists may 
owe something to the oriental respect for a great teacher.
Following Holmes’ review little other work was 
done except on a comparably small scale by Indian workers, 
mostly on samples taken to overseas laboratories, until 
the major Russian efforts of the sixties. Venkatasubramanian 
(1953) had already pioneered the Rb-Sr method by analyzing 
a phlogopite from Kerala, for which he obtained an age of 
1630 + 200 m.y., and a lepidolite from the north-east.
Holmes did not include these in his paper. Venkatasubramanian 
and Krishnan (1960) dated the Yediyoor monazite by the 
lead method and cyrtolite from the Nellore mica belt. 
Aswathanarayana (1956) obtained ages of 1550-1650 m.y. for 
minerals from Eastern Ghats pegmatites. He also (1959a, 
1959b) dated samarskite from a pegmatite near Kishangarh, 
Rajasthan at 580 m.y. and later (1962a, 1962b, 1964)
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attempted to date the Cuddapah System and the Eastern 
Ghats Belt by the analysis of galenas and in the latest 
paper by both the K-Ar and Rb-Sr methods.
In 1964 the first of several Russian tabulations 
and reviews appeared. Afanasyev et al (1964) gave 13 
analyses of K-Ar of various Indian minerals and rocks, 
with three also from the Salt Range of Pakistan. At the 
International Congress in Delhi, two accounts of work 
done almost entirely in USSR laboratories were given.
S.N. Sarkar distributed copies of a summary (Sarkar et al 
1964) of 70 ’’determinations” (in fact, analyses), while 
the full paper (Sarkar et al 1967) reports 26 for part 
of the area covered in the summary. At a semi-private 
meeting Vinogradov summarized a paper since published 
in Russian (Vinogradov et al 1966) which gave 55 analyses 
by K-Ar. Tugarinov and Voitkevitch (1966) give 27 K-Ar 
analyses and Tugarinov et al (1966) give 15 analyses of 
glauconites„
Since 1964 little other work has been published. 
Grasty and Leelandam (1965) gave three K-Ar analyses of 
biotites from the Eastern Ghats.
Sarkar et al (1967) found mineral ages of over 
3000 m.y. in the north-east, using K-Ar. Further work 
has confirmed these very old ages (Sarkar et al, in press,
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1968). At the Edmonton conference in 1967 on the 
geochronology of the stratified Precambrian rocks 
Venkatasubramanian et al (1968) reported mica ages by 
both K-Ar and Rb-Sr from Mysore, and lepidolite ages from 
the Satpura belt, while Murthy and Sadashivaiah (1968) 
reported various Rb-Sr data on the Dharwars, Peninsular 
Gneiss and charnockitic rocks of Mysore.
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3. PENINSULAR INDIA AND THE DIVISION OF
ITS ROCKS
3.1 Definition of Peninsular India
In discussing the geology of Peninsular India the 
first problem is its definition. The geographical 
division into the Northern Mountain Zone, the Indo- 
Gangetic Plains and the Peninsula is unsatisfactory for 
the three-dimensional science of geology. Geologically 
the Peninsular block extends northwards beneath the 
Indo-Gangetic Plains and is fused with the Northern 
Mountain Zone. Early workers soon found what they 
regarded as equivalents of Peninsular formations in the 
Himalaya and recognized that the geological break was 
between a Peninsular facies and a Tethyan facies, the 
break being within and rather towards the northern part 
of that mountain zone.
Southwards the Peninsular block includes Ceylon 
(even if a major structure lies between it and the 
Indian part) and extends under the younger rocks of the 
littoral zones and the shallow continental shelf seas.
The exact northern limits of the block are a 
problem I have not attempted to study, and it is 
sufficient here to recognize that the problem exists. 
Although the presence of the thick alluvium of the
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Indo-Gangetic Plains in practice has until recently left 
a wide gap^ between possible sampling sites on the 
geographical Peninsula and in the Himalaya, this is now 
being bridged to some extent, as borings put down by the 
Oil and Natural Gas Commission have found probable 
Precambrian material beneath the alluvium. It is hoped 
to analyze some of this later.
While the northern edge of the Peninsular block in 
the Himalaya is probably intermingled in a complex manner 
with the younger rocks, the nature of the contacts in the 
north-west and the north-east is even less known. Falcon 
(1967) regards the Baluchistan mountains as a Precambrian 
lineament, but the 1 : 2M Tectonic Map of India shows a 
sudden falling-away of the upper surface of the Precambrian 
far to the east of these mountains, below which no Precambriai 
has yet been reported. In the north-east the problems of
The outcrops of Peninsular Precambrian outside but nearest 
to the Northern Mountain Zone are the Kirana Hills of the 
Sarghoda District, Punjab (West Pakistan). These are less 
than 40 km from the Salt Range. Analyses are not given 
here; they will shortly be published jointly with 
petrographic work by Dr R. Glyn Davies, but the isochron 
age for the Bulland Hill volcanics is 870 + 40 m.y. The 
next nearest are small hills in the Hissar~District of the 
Punjab (India), about 110 km north-west of Delhi. These 
are about 220 km from the outer Punjab Himalaya. 
Unfortunately I overlooked their existence until recently. 
They are not shown on the 1 : 2M Tectonic or Geological 
Maps of the Geological Survey of India and mentioned only 
in Pascoe (1959).
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what is structurally one of the world’s most extraordinary 
areas have been discussed by various authors, notably Lees 
(1952) and Evans (1964), but lack of factual data from 
this topographically and politically difficult terrain 
make most of the comments very speculative.
However, the fascinating problems of this very 
extensive zone along the northern edge of the Peninsular 
block (with a length of the order of 4,000 km) are problems 
of continental fusion, not of continental rupture. It 
would be pointless to discuss them at length in the 
absence of much more geological and geochronological data. 
Some knowledge of the direction of movement of the 
Peninsular block at the time of fusion would be an 
advantage.
The problems of the western, southern and south­
eastern limits of the block are those of continental 
rupture and will be discussed in a later chapter.
3.2 Extent of Precambrian Outcrop on the Peninsula
Over something like one-third of the Peninsula the 
Precambrian rocks are obscured by younger formations.
Most of this cover is Deccan Trap, which between Lats.
25°N and 16°N occupies nearly all the western half. 
Gondwana-type sediments occupy much more limited areas, 
confined mainly in narrow troughs, Coastal Cretaceous
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and Tertiary deposits, with alluvium, occupy zones of up 
to 100 km wide (usually less) along the south-east coast, 
in Orissa and narrow zones along the south-west coast.
Elsewhere the Precambrian outcrop is continuous and 
exposure is good when allowance is made for the intensity 
of cultivation by a population dense by almost any 
standard. Where cultivation is absent forest is commonly 
present, especially in the north-east.
3.3 A Convention
In the absence of any known Cambrian or even Lower 
Palaeozoic rocks, no stratigraphical proof of the 
Precambrian age of this vast outcrop exists. Quite 
apart from the possibility that the Vindhyan System, the 
uppermost Precambrian of northern India, may extend into 
the Phanerozoic, it should be borne in mind that Lower 
Palaeozoic or even younger intrusive rocks may occur on 
the Peninsula. It is generally accepted as correct that 
the area is wholly or predominantly underlain by 
Precambrian rocks and the term is used with this proviso.
3.4 Regional Division of the Peninsular Precambrian 
(See Map 4)
The state of knowledge of the Precambrian of the 
Peninsula is such that a satisfactory sequence applicable 
to all its parts does not yet exist. If it did, one
PRECAMBRIAN REGIONS
INDIA
-g? . g°
RAJASTHAN
V IN D H Y A  -
BUNDELKHAND
NORTH-EASTERN
EAST-CENTRAL
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HYDERABAD
TAMIZHAGAM -
KERALA
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reason for this study would not exist either. Before 
making any summary of the vertical sequences within the 
Precambrian it is therefore necessary to discuss regional 
divisions.
It might be asserted in opposition to the above 
statements that in India as a whole a sequential distinction 
was made, originally by Holland (1913) and accepted very 
generally subsequently, between Archaean and post-Archaean. 
Holland gave the name Purana to the latter and believed 
that they were separated from the former by an Eparchaean 
unconformity of immense duration. On this basis Pascoe 
(1950, 1959) has described the Precambrian very fully.
The division is delusory, in India as elsewhere. Dunn 
(1936a) stated that the arguments surrounding the use of 
the term eparchaean unconformity "form nothing more or 
less than a vicious circle”. He demolished them in his 
remarks quoting the use of Fermor (1936) of the presence 
of granites and pegmatites as criteria for classifying 
rocks as Archaean. Holmes (1963) repeated this criticism. 
The division depends upon assumptions that the older the 
rock, the more metamorphosed it might be expected to be, 
and that a major stratigraphical break in the middle of 
the Precambrian is ubiquitously contemporaneous. Both 
assumptions are entirely exploded.
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The making of a distinction between so-called
Archaean and later rocks nevertheless persists to this 
day, Pichamuthu (1968) uses it and so does the latest 
edition of Krishnan (1968). This is regrettable because 
the term is meaningless. It might be remembered that the 
term was suggested by Dana (1872) and applied to all rocks 
below the Cambrian, and approved in that sense by the 
International Geological Congress of 1885. The rot set 
in with Van Hise (1892) and in India when Foote (1895) 
"limited its meaning to the gneissose and granitoid 
members of the crystalline complex, excluding the rocks 
of the Dharwar System, which he regarded as distinctly 
younger than the gneisses and gneissose granites”
(Holland, 1926, quoted in the Lexique Stratigraphique 
Internationale, Vol.III Asie, Fasc. 8, 1957). Later the 
Dharwars were included by Holland (1906). In fact the 
term seems to have such meaning as anyone sees fit to 
apply to it; and when a geological term reaches this 
condition it should be abandoned, because a large 
proportion of those using it will not define it, adding 
to the confusion.
Without radiometric data no continent-wide Precambrian
correlations can be made.
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The necessity to describe the Precambrian sequence 
by regions implies definition of regions. This is less 
easy for India than for some other continents. There has 
been some confusion of terminology traceable to confusion 
of thought (and vice versa). The first real attempt at 
a regional division was by Fermor (1936) and its title 
is revealing; "An Attempt at the Correlation of the Ancient 
Schistose Formations of Peninsular India”. That is, 
correlation was the main aim. In his review of Part 1 
Dunn (1937a) is clearly critical even of attempts at 
correlation at that date, pointing out with truth that 
Rajputana (now Rajasthan) ” is the only satisfactorily 
completed areal unit in India”. The situation remains the 
same today. Dunn added that Fermor’s first division into 
non-charnockitic and charnockitic regions ”is unbalanced 
in terms of areas and especially so when we note that 
probably 95 per cent of the work to date has been done 
on the non=charnockitic region”. Dunn was very critical 
of the mixed criteria used for subdivision, and said that 
it might as well have been entirely areal.
Fermor’s division was limited to the rocks he 
regarded as lying stratigraphically below the 
’’eparchaean unconformity” so it was incomplete in respect 
of the whole Precambrian.
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No major regional division appears since to have been 
made. The maps in the geochronological papers of Holmes 
were labelled with the names of belts, and Krishnan (1960) 
in his essay on the structural and tectonic history of 
India uses the same terminology. Pascoe made no 
division and Wadia gave only the briefest reference to 
any. Sikka et a.1 (1966) attempted a division into 
’’mineral date provinces” which I think is meant to be 
provinces of different ages of mineralization. It owes 
something to Fermor and to Holmes.
The strong and persistent belief in ’’belts” in
India, based on ’’structural trends” and ’’regional strikes”
has been criticized by Naha (1964) and Radhakrishna (1968),
while Pichamuthu (1951) made some relevant penetrating 
2comments. There is no real answer to the problem of 
regional division - or vertical division - short of much 
more detailed geological and geochronological knowledge. 
Regions will then appear, to the extent that their 
existence is real. The concept of a region is
2He makes the interesting point that the grouping of the 
Dharwar System rocks geographically into narrow NNW-SSE 
belts tended to give unnecessary individuality to each and 
influenced the classification of the rocks. There is 
little doubt too of the validity of his further point, 
that the long continued belief in their igneous origin 
delayed understanding in that sinuous outcrops which 
elsewhere would immediately be regarded as folds were not 
further investigated.
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geographical and two-dimensional, and is perhaps less 
helpful in understanding geology than i t  might seem.
For the present purpose a purely areal division 
is made (Map 4).
The Peninsula can be divided firs t  into northern 
and southern parts along the Narmada-Son lineament. The 
precise nature of this feature may be uncertain, but i t  
is undoubtedly major and ancient, as noted by West (1962) 
Ahmad (1.965) and Tewari (1968). It limits to i ts  north 
side the extent of Vindhyan sedimentation, and to its 
south side the Peninsular occurrence of Gondwana-type 
sediments,
On the north side of the lineament are two regions. 
That in the north-west comprises most of Rajasthan and 
a part of Gujerat. It is the Aravalli-Delhi-Malani 
country. That to the east of i t  is the Vindhyan System 
outcrop, encircling the Bundelkhand Gneiss.
South of the lineament the division is more complex 
Beyond the Deccan Trap outcrop in the western half is 
the Peninsular Gneiss-Dharwar area of Mysore with parts 
of Andhra and Tamizhagam (the new name for Madras State). 
To the east the Cuddapah Basin forms part of the 
geographical Eastern Ghats, but is distinct geologically 
from the older rocks of the east coast zone. The
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southern limits of that zone are uncertain, but it may 
extend almost if not quite across the south tip to Kerala. 
Northeastwards this zone widens and continues into 
Singhbhum. Inland from it in central India is a complex 
area separated from the southern Peninsula by the Godavari 
River trough. This zone is distinguishable from the 
north-easternmost part of the main Peninsular block, which 
has certain similarities with the Shillong Plateau of 
Assam.
These regions are as follows:
1. Rajasthan
2. Vindhya - Bundelkhand
3. Mysore - Hyderabad
4. Tamizhagam (former Madras State) - Kerala
5. Cuddapah Basin
6. Coastal Andhra Pradesh
7. East - Central Region
8. North - Eastern Region
9. Shillong Plateau
It should be understood that division strictly along 
administrative boundaries is nowhere implied; State 
and geographical names are used merely to avoid burdening 
the reader with still more names.
Most emphasis will be on Regions 1 - 5 .
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4 0 REGIONAL GEOLOGY AND GEOCHRONOLOGY
4.1 General
In summarizing the geology of so large an area I 
face a problem. As this thesis is meant to be read rather 
than to be referred to, it is desirable to try to avoid 
giving the reader those severe attacks of mental colic 
which would assuredly follow if he was obliged to read 
a long account of the geology of an area he may scarcely 
know. To avoid this and to assist the memory, the summary 
of the geology of each region is followed by the reporting 
and discussion of the geochronological results obtained 
for it. A general review of the geochronology of the 
whole and its significance in relation to the Peninsular 
geological sequence is given in a following chapter.
The geology is usually described from the oldest 
rocks upwards. The geochronological results do not 
always lend themselves to this treatment.
4.2 Rajasthan
4.2.1 Rajasthan Geology (Map 5, in pocket) Rajasthan 
has a long sequence of rocks from what are among the 
oldest in India to the youngest Precambrian, which might 
extend up into the Lower Palaeozoic. As Dunn (1937a) said, 
it is the only satisfactorily completed areal unit in India.
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It remains so. It is structurally very interesting. So 
I deal with it first. Note however that the youngest 
rocks, those of the Vindhyan System, are dealt with in 
the next section, 4.3.1.
Early work was by Mallet (1869), Hacket (1877, 1881), 
W.T. Blanford (1877) and La Touche (1902). The systematic 
survey has largely been the work of Heron and his 
associates (Heron, 1917a, 1917b, 1922a, 1922b, 1924, 1932, 
1936, 1935, 1938, 1953; Heron and Ghosh 1938; Coulson 
1917, 1933; Gupta 1934; Gupta and Mukherjee 1939; Middlemiss 
1921) extending over 35 years.
2The region covers about 200,000 km . Bisecting it 
from near Delhi in the north-east south-westwards for 
nearly 700 km to the plains of Gujerat is the Aravalli 
range of mountains, reaching over 1200 m. above sea level. 
With this is associated the granitic mass of Mount Abu, 
which is rather higher (1640 m).
West of the Aravalli Range is the plain of Marwar, 
largely the former Jodhpur State. Much of this is desert. 
East of the Aravallis is a more rocky plain, divided into 
two by the main watershed of India extending east-south­
east from Udaipur. North of this watershed is the 
gneissic plain of Mewar. This drains through the 
country south of Jaipur to the Ganges. South of the
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watershed is a rugged area, the Chappan, which drains to 
the Arabian Sea, The gradient of the streams here is 
steeper than on the north side, and it is a deeply 
dissected terrain, extending into the northern part of 
Gujerat State,
The geological sequence established by Heron and 
his colleagues is given in Table lc
It is unnecessary to describe this sequence fully, 
but some aspects are important.
The Banded Gneissic Complex is mostly confined to 
the northern part of the Eastern Plain. It is 
predominantly gneissic, with few areas of metasediments, 
and it contains granites recognised to be the equivalents, 
or probable equivalents of pre-Aravalli, post-Aravalli 
and post-Delhi granites occurring within the outcrops 
of the two overlying Systems. The Berach Granite is 
mostly unfoliated. Its relation to the Complex is 
unknown, as they are separated by a belt of Aravalli 
System rocks. Heron categorically equated it with the 
very similar granite (loosely called gneiss, but mostly 
unfoliated) of Bundelkhand, and in fact named it as such.
The Aravalli System, which it should at once be 
noted does not form the Aravalli Ranges to any significant
TABLE 1
Precambrian sequence in Rajasthan 
(after Heron, Gupta and others)
Jodhpur Sandstones 
("Trans-Aravalli Vindhyan")
Maiani Rhyolite, with Vindhyan System
Siwana and Jalor Granites
(unconformity)
Erinpura Granite, pegmatite
( Ajabgarh Series 
Delhi System (
( Alwar Series
(unconformity)
Raialo Series
(unconformity)
Aplogranites, epidiorites
Aravalli System
(unconformity)
Banded Gneiss Complex Berach Granite (correlated
with the Bundelkhand 
Granite of Vindhyan- 
Bundelkhand)
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degree is mainly phyllitic but the grade of metamorphism 
varies greatly. Some quartzites occur, especially near 
the base, and some limestones; and near Udaipur 
metamorphosed basic volcanic rocks are well-developed.. 
Igneous intrusion is uncommon apart from lit-par-lit 
types.
1
1The Aravalli. Ranges are mainly built of Delhi System rocks 
and intrusions into that System. The Aravalli System 
rocks mostly lie east and south-east of the Ranges proper. 
The explanation of this very confusing terminology is 
that Hacket in his second paper (Hacket 1881) changed his 
mind about the succession and reversed it. Heron found 
that his own interpretation of the geology made it 
necessary to support Hacket?s first notions and disagree 
with the revision. Heron would have preferred to discard 
’’Delhi.” as a name for a System which is so poorly exposed 
near that city, to re-name it ’’Aravalli”, and give a new 
name to the underlying System. But with what was perhaps 
an excessive regard for priority he retained Hacket’s 
terminology. His comment, following a recital of all this 
- and more - confusion (Heron 1917, pp.107-110) that ”... after all a name is merely a name” would not be 
received quietly by Trendall (1966) whose statement (p.525) 
"Nomenclature is important and its power to direct thought 
... should not be underestimated” I prefer. It is curious 
that Heron in saying ”1 am not in favour of setting aside 
more of the original investigator’s work than truth demands” 
evidently thought that altering a name diminishes work 
most of which is something rather more arduous than putting 
names on maps. If a geologist can turn a succession upside 
down he may well be posthumously tolerant about an inversion 
of its nomenclature,
Heron seems to have been as humanly variable as the 
rest of us for in his 1932 paper on the so-called trans- 
Aravalli Vindhyans he abandons the ”suitable” name of 
Jodhpur Sandstones given to these rocks by W.T. Blanford 
on the grounds that ”it seems to have fallen into disuse”.'
If this footnote seems long, I lengthen it to say that 
a whole essay could, be written on the confusion which has 
affected writings on Indian geology and geochronology - and 
even palaeomagnetism - from the two instances cited above 
alone.
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Between the Banded Gneiss Complex and the Aravalli 
System is an erosional unconformity, confirmed by Poddar 
(1965).
Unconformably above the Aravalli rocks is the Raialo 
Series, This is mainly crystalline limestone, has 
scattered outcrops, and is insignificantly intruded.
Above the Raialos and separated by a more violent 
unconformity are the rocks of the Delhi System, much less 
homogeneous than those of the Aravalli System, and on the 
whole rather more intensely metamorphosed. The lower, 
Alwar Series is arenaceous. The upper, Ajabgarh Series 
is argillaceous and calcareous but with phyllites and 
schists at the base. There are some meta-lavas in the 
Alwars, associated, with intrusive sills and evidence of 
possible volcanic rocks exists in the Ajabgarh Series as 
hornblende schists west of Ajmer.
The main intrusive rocks in the Delhi System other 
than pegmatites are those of the suite known collectively 
as the Erinpura Granite, which appears to be later than 
the epidiorites and other basic intrusives which are 
especially concentrated along the axis of the Aravalli 
Range. The Erinpura granites are extremely variable in 
habit, texture and degree of foliation, and the various 
members in the axial zone occur over a distance of 600 km.
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Heron (1953) believed that the duration of the periods of 
intrusion possibly was almost as long as the tectonic 
history of the Aravalli Range.
The Idar Granite of Middlemiss (1921) is correlated 
with the Erinpura Granite, and certain granites in the 
Banded Gneiss Complex, such as the Untala Granite, were 
uncertainly correlated with the Erinpura Granite by Heron 
(1953).
Apart from the Erinpura Granite suite, its possible 
equivalents beyond the axial zone in the Banded Gneiss 
Complex, and the Malani. Rhyolite (see below), Heron lists 
eight varieties of intrusive rock in Central Rajasthan 
(Heron 1963). Of these, the pegmatites are of particular 
importance. Heron distinguishes pegmatites of ’’two very 
different ages ... the older penetrating the Pre-Aravalli 
Banded Gneissic Complex only and. the newer penetrating 
both Delhis and pre-Aravallis, but spreading chiefly 
through the former, especially through the Ajabgarh Series” 
(1953, p.365 f.). The pegmatites in the Delhis are 
massive and unfoliated. They carry muscovite, tourmaline 
and, more rarely, beryl. These pegmatites have rare- 
earth and radioactive minerals and are those from which 
minerals were dated by Holmes (1949) and. Aswathanarayana 
(1956, 1957). They do not show much resemblance to the
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Erinpura Granite. The older pegmatites lack tourmaline 
and beryl, have little muscovite, and are shattered 
coarse rocks clearly related to their parent granites.
The only other intrusives are the areally small 
nepheline-syenit.es of Kishangarh, north-east of Ajmer.
At first Heron (1934) thought these intruded the Aravalli 
rocks. Later because of fuller mapping of surrounding 
areas he believed them (Heron 1953) to intrude the 
Banded Gneiss Complex, which he regarded as everywhere 
of pre-Aravalli age. Heron believed them to be pre- 
Delhi, but on this he was obviously uncertain, from 
some evidence west of Kishangarh. Sen (1952) regards 
these rocks as metasomatically transformed calcareous 
amphibole-biotite schists; Niyogi (1960) emphasized their 
structural concordance with the country-rock. It should 
be noted, incidentally, that the pegmatite from which 
Aswathanarayana (1956, 1957) obtained samarskite and 
microcline, which he calls the pegmatite of Kishengarh, 
is not from the nepheline-syenite locality but from one 
17 km east of it, and would be better described as at 
Bajrang.
The Malani Rhyolites are confined to the western 
plain. They include ignimbritic rocks and various other 
lavas and tuffs and are associated with high-level
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peralkaline granites of the Siwana and Jalor Hills, which 
intrude them (Ghosh 1932; Murthy and Venkataraman 1965). 
They are seen to overlie probable Aravalli rocks at one 
point only, near Miniari (La Touche 1902) and are overlain 
by arenaceous and calcareous unmetamorphosed sediments 
termed the Jodhpur Sandstones by W.T. Blanford (1877). 
These were attributed rather uncertainly to the Vindhyan, 
and are commonly so named or named. ’’Trans-Aravalli 
Vindhyan”. Heron. (1932, 1953) regards them as 
'’unrecognizably different”. It is regrettable that his 
1932 paper is nevertheless titled ’’The Vindhyans of 
Western Rajputana”,
Modifications to the ’’Heron sequence” for Rajasthan 
have been suggested. Sharma (1953) believed that the 
Bundelkhand Granite and the Banded Gneiss Complex, rather 
than being the oldest rocks, were the product of the 
granitization of some of the Aravalli sediments. The 
Bundelkhand Granite and the Berach Granite were 
suggested as end-products, with the Banded Gneiss Complex 
as an intermediate stage. Jhingran (1958) adopted similar 
views. Both referred to apparent intrusion of what they 
believed to be Aravalli sediments by the Berach Granite; 
and it is known that in the south-western part of the 
Bundelkhand Granite outcrop a similar relationship exists.
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These beliefs conflict with Heron’s evidence for an 
unconformity between the Berach Granite and the Complex 
on the one hand, and the Aravallis on the other.
Recently Poddar (1965) confirmed the existence of a 
sub-Aravalli unconformity. Raja Rao (1967) regards the 
intrusion as one into pre-Aravalli sediments, which with 
the non-sedimentary part of the Complex he prefers to 
name the Bhilwara Group. He advocates the merging into 
one group of the Aravalli-Delhi-Malani rocks, which he 
believes incorporate only one cycle of sedimentation, 
and gives it the name Aravalli Group. He points out 
that in both the Aravalli and Delhi Systems there can 
be found all grades of metamorphism, and that some of 
the rocks included in the Delhi System by Heron in the 
north near Alwar are the equivalent of others included 
by him in the Aravalli near Udaipur in the south. Raja 
Rao (pers. comm.) does not accept that there is any major 
break between the Malani Rhyolite and the underlying 
sediments at Miniari.
Thus although the geology is now mostly mapped in 
some detail and the sequence is not seriously disputed, 
it is the subject of active study. In addition to re­
survey by the Geological Survey of India, detailed 
structural mapping is being carried out north of Udaipur
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by Naha and his co-workers (Naha, Chaudhuri and Bhattacharya, 
1964; Naha, Chaudhuri and Mukherji, 1967) and in the Alwar 
area by Gangopadhyay (1967). The latter project is still in 
the early stages but Naha has already demonstrated that the 
so-called NE-SW Aravalli trend is to some extent illustory, 
and that a strong east-west structural pattern exists. His 
work has necessarily been confined to a small, but carefully 
chosen area.
4.2.2 Rajasthan Geochronology Eighty five samples were
collected from the region. From these, analyses have been
made of 42 total rocks and seven minerals.
Malani Rhyolite and associated granites Twelve
samples were obtained. From this area none were collected
personally in the field. All were analysed as total rocks.
The results are given in Table 2. Of the rhyolites,
three (GA 1713, GA 1714, GA 1934) are sufficiently enriched
to stand as individual determinations and agree at 760 m.y.
approximately, GA 1734 is comparably well-enriched and
appears to be much younger at about 520 m.y. Reference to
the graphic plot shows that six of the analyses give an
excellent isochron at 745 + 10 m.y. This is a Model IV 
2isochron, implying slight differences of both age and 
initial Sr8^/Sr8  ^ ratio, but the Model I is little different 
and has a mean square of weighted deviates of only 1.78.
2 2 Please refer to Appendix -A-.3 for descriptions of these
Models.
TABLE 2
Analytical data for samples from the Malani 
Rhyolite and associated granites
GA 
No.
Sample, locality 
and type Rbppm
Common
Sr
ppm
Rb87/Sr86 Sr87/Sr86
Age at 
initial 
ratio of 
0.700 my
1713 Felsite, Barmer
25°45', 71°25' 
Total rock 182.4 11.1 47.2312 1.2009 759
1714 Rhyolite, Barmer 
Total rock 154.8 6.7 66.8002 1.4085 7 59
1734 Fine-grained rhyolite, 
Barmer
Total rock 187.8 10.6 50.8 705 1.0734 
1.0707*
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1735A Agglomerate, Miniari
25°50', 73°20' 
Total rock 183.2 107.0 4.9374 0.7611 (885)
1735B Tuff bomb in 
agglomerate, Miniari
Total rock 208.1 102.5 5.8556 0.7695 (849)
1934 Rhyolite, Barmer 
Total rock 155.4 12.0 37.3658 1.0953 757
1935 Tuff, Bisala
25°54', 71°14' 
Total rock 3.1 9.2 0.9751 0.7197
0.7191* -
1711 Jalor Granite, Jalor
25°20', 72°35' 
Total rock 290.1 10.8 77.4034 1.1624 428
1712 Siwana-type Granite, 
Jasai
25°43', 71°14' 
Total rock 120.2 9.0 38.6001 1.09 56 733
1936 Jasai Granite, Jasai 
Total rock 117.4 12.3 27.4684 0.9804 731
1938 Jalor Granite, Jalor 
Total rock 333.7 50.4 19.1172 0.9122 794
* Analysis of unspiked sample
Isochron A
Regression 1
Isochron age 745 + io m.y. 
Initial ratio 0.70§4 + 0.0009 
MSWD 1.78
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The age on that Model is 744 + 6 m.y. Initial ratio on 
Model IV is 0.7094 + 0.0009.
GA 1734 does not appear to be petrographically 
different from the rest, except that it is paler and finer- 
grained, but it was slightly weathered.
Of the granites, two are apparently of almost the same
age as that given by the rhyolite isochron, perhaps slightly
younger. GA 1938 appears to be slightly older, and GA 1711
8 7 86gives an age of 428 m.y. assuming an initial Sr /Sr ratio 
of 0.700. This sample is said to be from the same body as 
GA 1938. I did not collect it personally.
Delhi System and Er inpur a Granite Five samples were 
collected from the basal Lower Delhi Alwar Series about 8 
km south-east of Jaipur. Of these, the only suitable 
material was a muscovite extracted from GA 1751, a 
magnetite-haematite-muscovite-quartz schist, and a potassic 
feldspar extracted from an intraformational conglomerate,
GA 1754. It was hoped that the first would give a minimum 
and the later a maximum age for the System.
The Erinpura Granite was not systematically sampled, 
but samples of various granite bodies commonly attributed 
to that suite were collected or given to me. These were 
the Bairat Granite with its aplite, GA 1779 and GA 1777; 
the Dadikar Granite, GA 2624 (from Dr P.K. Gangopadhyay); 
the "Erinpura Granite" of Ajmer, GA 1937, and the probable 
Erinpura type granite, the Untala Granite, GA 1782. I
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also collected seven samples from the pegmatite of the Jeevan 
Lithium Mine, Rajgarh (GA 1769-1775 inc.). These are 
1epidolite-rich and have not yet been analysed.
Results are listed in Table 3.
The age of the muscovite from GA 1751 is 900 m.y.
O 7 Q /£.assuming initial Sr /Sr at 0.700. The age of the 
K-feldspar from GA 1754 is 1971 m.y. on the same assumption. 
The former would be little changed by any increase in initial 
ratio; the latter would be reduced to 1900 m.y. at 0.710.
As the feldspar is definitely detrital material, if its age 
could be relied upon it would give a maximum age for the 
Delhi System. The reliability is questionable, as 
K-feldspars examined from other parts of India give ages 
older than total rock isochrons. The muscovite gives only 
a minimum age, and reflects the age of the metamorphism, 
rather than the deposition, of the lower beds of the Alwar 
Series. Petrographic examination shows that it is not 
detrital.
Further comment on the possible maximum age of the 
Delhi System is made in the full discussion in 4.4.
The results from the granites show a wide range of 
ages, but this was to be expected, as it has been realised 
for many years that the "Erinpura Granite” is a 
heterogeneous suite of bodies. The Bairat Granite, GA 1779, 
is extremely well-enriched in radiogenic strontium and the 
replicate analyses would appear to stand alone as indicating
TABLE 3
Analytical data for samples from the Delhi System and 'Erinpura Granite'
GA
No. Sample and Locality Rbppm
Common
Sr
ppm
Rb87/Sr86 Sr87/Sr86
Age at 
initial 
ratio of 
0.700 my
1751 Schist, Lower Alwars
Muscovite 414. 5 2.44 489.1636 6.8466 898
1752
1753
Schist, Lower Alwars ) 
)Schist, Lower Alwars )
not analyzed
1754 Intraformational 
conglomerate, Lower 
Alwars
K-feldspar (from 
pebble of feldspar) 363.2 107.9 9.7133 0.9699 1971
1755 Chlorite schist, Lower 
Alwars
Total rock 1 + 1 not analyzed -
1721 Chhapoli granite
Total rock 395.1 58.3 19.5692 0.9766 1009
1777 Aplite vein in Bairat 
Granite
Total rock 101.5 
101.1
59.2
66.8
4.9511
4.3623
0.9776
0.9744
(3924)
(4416)
1779 Bairat Granite
Total rock 423.0
415.8
5.5
5.7
223.1545
210.6162
5.9039
5.7684
1658
1722
1782 Untala Granite
Total rock
Muscovite
Biotite
36.4
150.9
349.9
504.4
69.3
8.9
0.2084
6.2804
112.9291
0.7123 ) 
0.7932 ) 
2.2217 )
Isochron 
956 
+ 56
1937 Erinpura-type granite, 
Ajmer 2 56.0 19.6 37.6251 1.1964 937
2624 Dadikar granite 63.2 37.7 4.8384 0.8502 (2199)
+ Approximate value by x-ray fluorescence
Regressions 2, 3
Isochron B (Untala Granite)
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an age of at least 1650 m.y. The results for associated 
aplite give ages of over 4000 m.y. assuming an initial 
ratio of 0.700, and with the granite proper suggest that 
an initial ratio of something of the order of 0.750 should 
be assumed, and an age of 1650 m.y. for the rock as a 
whole. This granite is not in the axial zone of the 
Aravalli Ranges but lies to the east,north of Jaipur 
(see Map 5).
Two granites from the axial zone are the Chhapoli 
Granite GA 1721 and the Ajmer Granite, GA 1937. These 
give rather similar ages. GA 1721 is well-enriched and 
gives an age of 1010 m.y. at 0.700; GA 1937 is even more 
enriched and gives 935 m.y.
A fourth granite is the Dadikar Granite from near 
Alwar, GA 2624. This is even farther from the axial zone 
than the Bairat Granite. It is less enriched in 
radiogenic strontium than any of the others and its age 
at 0.700 may be too high (2200 m.y.) but it is highly 
likely to be very much older than the others. It may be 
pointed out that this granite is probably not post-Delhi 
but pre-Delhi. Examination of Heron’s geological map 
(Heron 1917) shows that the outcrops of the Delhi rocks 
bend round it in a manner suggestive of its having acted 
as a barrier. This does not necessarily imply that it is 
pre-Delhi, as the bending is a product of the
57
post-depositional folding of the sediments, but it is 
clearly distinct in style from the other granitic bodies 
and Heron in his text is obviously rather doubtful of its 
post-Delhi age. I provisionally regard it as pre-Delhi, 
and would place its age as not less than 1900 m.y. (It 
is unfortunate that extra samples of both the Bairat and 
Dadikar Granites when received were unsuitable for 
analysis. )
The Untala Granite, GA 1782, does not intrude the 
Delhi System, and is a component of the Banded Gneiss 
Complex, though separated from it on Heron’s geological 
map (Heron 1953) and regarded by him as very probably of 
Erinpura type and age. It gives an excellent Model I 
isochron at 955 + 50 m.y., i.e. indicating experimental 
error alone (Isochron B). The mean square of weighted 
deviates using a variance of 0.10 is only 0.22 Initial 
ratio is 0.7094 + 0.0037. This isochron is based on 
analyses of the total rock, the biotite and the muscovite 
from the same sample.
Addition of the analyses for GA 1721 and GA 1937 
gives a Model II isochron, implying slight age differences, 
and an age of 950 + 40 m.y. The MSWD is greatly increased
to 23.03.
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These analyses show that granitic intrusion at 930- 
950 m.y. took place at three widely separated localities, 
two of them in the axial zone and one within the general 
area of the Banded Gneiss Complex; the evidence from the 
Bairat Granite however shows that the intrusion of the 
others long post-dated the deposition and metamorphism of 
the Delhi System, which must be much older than previously 
thought. The closeness of the age of the later intrusions 
to that given by the GA 1751 muscovite (898 m.y. at 0.700) 
leads me to suggest that the metamorphism of the Delhi 
rocks indicated by this result was connected with the 
later intrusion,
The age of 735 + 5 m.y. quoted by Holmes for the 
Bisundni pegmatite is a mineral age. From the fact that 
I have demonstrated the existence of granites of approximately 
that age in western Rajasthan (which are known to extend to 
within 50 km of Bisundni) it is tempting to suggest that 
either the Bisundni pegmatite is part of the Malani 
volcanic suite, or its mineral ages reflect not the age 
of its emplacement but the age of that suite. To comment 
on the age of 580 m.y. obtained by Aswathanarayana (1956) 
on samarskite and microcline from the Bajrang pegmatite 
east of Kishangarh, there is no reason to doubt the presence 
of pegmatites younger than 735 m.y. in such a terrain.
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However, in his 1957 paper Aswathanarayana stated that the 
feldspar analysis was discrepant and could indicate 
crystallization of the pegmatite at 1400 m.y. with 
introduction of samarskite at 580 m.y. He preferred the 
earlier explanation on the grounds that if the pegmatite 
had crystallized at 1400 m.y. it would have to be 
pre-Delhi and the Bajrang pegmatite is not of the type 
Holmes believed to be pre-Delhi, but possessed the 
characteristic texture and minerals of the post-Delhi 
pegmatites. Irrespective of this argument, on the basis 
of my determinations it need not of course be pre-Delhi 
if its age is 1400 m.y. It may be significant that the 
1400 m.y. age is within the range of ages given by the 
isochron for the nearby nepheline-syenites of Kishangarh.
Aravalli System From the lower part of the
Aravalli System seven samples of basic volcanic rocks 
were collected in the Udaipur area. All were metamorphosed 
and were not regarded as likely to be suitable material, 
but for lack of more suitable they were taken. In 
addition, granite pebbles were collected from the basal 
conglomerate of the Aravalli System east of Udaipur; 
these too were unlikely material and to make matters 
worse the formation was regarded by Heron as basal Delhi, 
the present attribution being made as a result of revision 
r ecently.
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The results are listed in Table 4.
Volcanic rocks GA 1788 was collected 27 km
north of Udaipur, GA 1789 36 km north and GA 1790-93 38 
km north, while GA 1797 came from the north end of Bari 
dam, 12 km west of Udaipur. The analytical data are not 
very useful in assessing the age of the emplacement of 
the lavas and the age of the System. With the exception 
of GA 1797 they are very poorly enriched and as individual 
analyses are of no value for age determination. GA 1797 
is only moderately enriched and gives an age of 1513 m.y. 
at an initial ratio of 0.700. An isochron plot shows 
a large scatter and indicates that the samples have been 
variably updated, which must be the case if the Delhi 
System is over 1650 m.y. old. The petrology of these 
samples, which vary from amygdaloidal lavas to tuffs, 
would lend itself to such variable updating.
Granite pebbles The rock from which these pebbles 
was collected is a tough polymictic conglomerate with 
much quartzitic material; it is undoubtedly metamorphosed 
and the pebbles are stretched. They were extracted with 
difficulty. Two analyses were made, GA 1781A and 1781B. 
The first gives an age of 1762 m.y. assuming an initial 
ratio of 0.700, and the second, 1573 m.y.; both are 
well-enriched. They are clearly of different indicated
TABLE 4
Analytical data for samples of Aravalli System rocks
GA
No. Sample and locality
Sr
ppm
Common
Sr
ppm Rb87/Sr86 Sr87/Sr86
Age at 
initial 
ratio of 
0.700 my
1788
1789
Basic tuff, Delwara 
27 km N of Udaipur
Total rock
Basic amygdaloidal lava, 
36 km N of Udaipur
Total rock
1 +
58.7
50+
86.0
not analyzed 
1.9713 0.7389 (1404)
1790 Basic tuff 38 km N of 
Udaipur
Total rock 12.1 384.6 0.0905 0. 7145
1791 Basic tuff 38 km N of 
Udaipur
Total rock 18.8 190.2 0.2848 0.7214
1792 Amygdaloidal lava 38 
km N of Udaipur
Total rock 21.1 52.7 1.1565 0.7321 (1968)
1793 Feldspathic flow- 
textured lava, 38 km 
N of Udaipur
Total rock 13.6 299.0 0.1315 0.7116
1797 Basic lava, Bari Lake 
dam north end, 12 km 
W of Udaipur
Total rock 30.0 22.5 3.8356 0.7815 (1513)
1781A Granitoid pebble, basal 
Aravalli conglomerate, 
Gurali, 17 km E of 
Udaipur
Total rock 181.0 48.7 10.7198 0.9657 1759
1781B Ditto
Total rock 74.4 14.5 14.7891 1.0269 1571
+ Approximate value by x-ray fluorescence 
Regression 5 
Isochron C
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ages, since to be of the same indicated age they would need 
to have an initial ratio of over 0.800, which is improbable, 
and then their age would be less than 1300 m.y. How to 
make any conclusive interpretation of these analyses is 
very uncertain. It is not necessarily true that each separate 
pebble was a closed system during the metamorphism of the 
rock as a whole, quite apart from any possible 
metamorphism or metasomatism of the granitoid material 
itself before its denudation and incorporation in the 
conglomerate. It could be suggested that they crudely 
reflect the age of the metamorphism of the volcanic rocks 
roughly around 1500 m.y. but any comment is very speculative. 
In retrospect this type of sample would seem to embody 
almost every possible source of confusion, but at the time 
it was difficult to resist the temptation to collect it 
in the naive hope of getting a maximum age for the base 
of the Aravalli System, perhaps that of the Bundelkhand 
Granite. In view of the reliability of the analyses of 
the Bairat Granite samples these ages for the granite 
pebbles are regarded as quite definitely not reliable 
for dating the base of the Aravalli System.
Banded Gneiss Complex. Pre- and post-Aravalli granites 
The uncertainty about the stratigraphic position of the 
Aravallis vis-a-vis the Banded Gneiss Complex and the
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Berach Granite made it particularly desirable to sample 
widely in the Complex. The results for eleven samples 
from the Complex and associated granitoid bodies, and 
one of the Berach Granite, are listed in Table ~9-f 5\
The oldest rock is the Berach Granite, GA 1786.
It is sufficiently well-enrich ed for its indicated age 
of 2580 m 0y. to be independent of any assessment of its 
initial ratio. This age is close to that of the 
Bundelkhand Granite, for which an isochron is available 
at 2515 +_ 75 m.y. for seven total rock samples, but when 
two samples of almost certainly younger age are excluded 
becomes 2560 105 m.y. Addition of the Berach Granite
analysis slightly improves the isochron and gives an age 
of 2555 55 m.y. This determination will be commented
on further in the next section; it is sufficient here 
to say that Heron’s correlation of the Berach Granite 
with the Bundelkhand Granite is confirmed. As the 
Berach Granite is, according to both Heron (1953) and 
Poddar (1965) overlain unconformably by the Aravalli 
System, the lower boundary of that System must have an 
age of less than 2588 (at most) to 2464 m.y. (at least).
The next oldest rock gives some clue about the upper 
boundary of the System, for it is a post-Aravalli granite 
from the Ahar River,GA 1795. Unfortunately it is not
TABLE 5
Analytical data for samples from rocks attributed to the Banded 
Gneiss Complex of Rajasthan and associated bodies
GA
No. Sample and locality
Rb
ppm
Common
Sr
ppm
8 7/c 86 c 87/c 86 Rb /Sr Sr /Sr
Age at 
initial 
ratio of 
0.700 my
1715 Green muscovite from 
pegmatite, Beri Hanuman 
mine, Bhilwara Dt.
23°35'N, 75°04'E 101 7* 35+ not analyzed
1716 Ruby muscovite 
23°35'N, 75°04'E 528+ 23+ not analyzed
1717 Green muscovite from 
pegmatite, Danta mine, 
Bhilwara Dt.
25°33'N, 74°17'30"E 1837+ 10+ not analyzed
1718 Spotted ruby muscovite 
from pegmatite, Krishna 
mine, Potlan Bhilwara Dt.
25°09'N, 74°14'E 842 + 38+ not analyzed
1720 Migmatitic rock, Krishna 
mine as 1718
Total rock 308.1 91.7 9.6945 0.9208 1620
1722 Granite, Bodli mogri, 
Udaipur Dt.
25°25*N, 73o 54'30"E 
Total rock 75+ 367+ not analyzed
1723 Granite, Chawand, Sarara 
dome
24°11'N, 73°48 ' E 
Total rock 313.4 118.8 7.6106 0.8972 (1840)
1724- 
1733 
inc.
From between 25°158N, 
73°30'E and 24°50'N, 
74°10'E and donated 
by Dr K. Naha
1724 Pegmatite, Bari Marvan 
Total rock 76+ 74+ not analyzed
1725 Migmatite, Govaliya 
Total rock 309.2 119.1 7.4892 0.9176 2061
1726 Amphibolite, Puthol 
Total rock 8+ 93+ not analyzed
1727 Pegmatite in mica schist 
between Puthol and Piplantri
Total rock 86.2 58.5 4.2478 0.8158 (1936)
1728 Amphibolite, ditto 
Total rock 14+ 285+ not analyzed
1729 Pegmatite, between Piplantri 
and Sapol
Total rock 374.8 175.8 6.1504 0.8088 (1261)
1730 Migmatite, NW of Bhundan 
Total rock 73+ 246+ not analyzed
1731 Amphibolite, ditto 
Total rock 125+ 233+ not analyzed
(continued on next page)
TABLE 5 (continued)
GA
No. Sample and locality
Rb
ppm
Common
Sr
ppm
Rb87/Sr86 Sr87/Sr86
Age at 
initial 
ratio of 
0.700 my
1732 Pegmatite from mica 
schist N of Bhundan
Total rock 147+ 246+ not analyzed
1733 Amphibolite near 
Chhatraji ki Gurha
Total rock 13+ 125+ not analyzed
1758 Granodiorite Bandar Sindri 
E of Kishangarh
26°36'N, 75°1'E 
Total rock 
K-feldspar
160.8 
2 77.1
205.6
394.6
2.2570 0.7648
2.0265 0.7654
(2039)
(2286)
1759 Augen gneiss 12 km E of 
Kishangarh
26°36'N, 74°55'E 
Total rock not analyzed
1783 Granite, Bagan river
24°45 *N, 74°30'E 
Total rock 
Biotite
138.1
79
174 0 
21
2.2889 0.7569
not analyzed
(1767)
1784 Aplite in Bagan river 
granite, as above
Total rock 156.3 100.4 4.4910 0.8254 (1981)
1786 Berach Granite 9 km N 
of Chitorgarh
2 4° 58 1N , 74° 40 ' E 
Total rock 
K-f eldspar
227 3 
539
68 7 
58
9.5412 1.0487
not analyzed
2 583
1795 Granite, Ahar River 
12 km NW of Udaipur
Total rock 
K-feldspar
120 5 
275
121 9 
244
2.8525 0.7916
not analyzed
(2273)
1796 Granite intruding 
Aravalli System 
Fatehpura Lake, 
Udaipur
Total rock not analyzed
1802 Muscovite from Banded 
Gneiss Complex crystalline 
rocks 3 km E of Parsad,
Udaipur Dt. 583.2 20.4 82.4590 2.7140 1736
+ Approximate value by x-ray fluorescence 
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well-enri ched, with a present-day ratio of 0.7916. Using 
an initial ratio of 0.700 it has an age of 2270 m.y. but 
its actual age could be less than 2000 m.y. The next 
oldest, GA 1758 is a granodiorite from rocks Heron 
described as pre-Aravalli, but in fact part of the 
Banded Gneiss Complex and not necessarily so. The total 
rock analysis gives an age of 2039 m.y. using 0.700, 
while the K-feldspar gives 2286. The only other rock 
giving an age at 0.700 of over 2000 m.y. is GA 1725, a 
migmatite from the Udaipur District which has a present 
day ratio of 0.9176. This is one of a group of samples 
provided by Dr K. Naha from the area where structural 
studies are in progress; it post-dates a first period of 
f ol di ng .
It is noteworthy that when the results for GA 1725, 
1795 and the K-feldspar of 1758 are plotted there is a 
linear relationship and the result for GA 2624, the 
probably pre-Delhi Dadikar Granite also fits this line.
It is questionable whether it is fair to regress such 
a group of rocks but on the assumption that one may, the 
isochron for these post-Aravall i pre-Delhi granites gives 
an age of 2030 + 300 m.y. (Model II), with a MSWD of 25.01, 
initial ratio being 0.7083 + 0.0131.
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GA 1727 is apparently slightly younger, as its 0.700 
age is 1936 m.y. ; it is moderately enriched with a present- 
day ratio of 0.8158. It is a pegmatite emplaced in mica 
schist and I suggest that it is representative of the 
latter period of the post-Aravalli pre-Delhi intrusions.
It too post-dates Dr Naha's first period of folding.
The data for GA 1783 and 1784, the Bagan River 
granite and its aplite are inconclusive. The granite is 
much less enriched than the aplite (0.7569 as against 
0.8254) but neither can stand as individual analyses for 
age determination. On the one hand, the aplite age is 
very much that of the pegmatite GA 1727; but the apparent 
maximum age of the granite is closer to that of the 
muscovite from the Parsad area GA 1802, which is 
characteristically well-enriched. It is uncertain 
whether the rocks from which these samples were obtained 
should be equated with the Bairat Granite in age,„i.e.
1650 m.y. to possibly 1700 m.y., or whether the Bagan 
River granite result is deceptive and with its aplite the 
granite should be regarded as a pre-Delhi post-Aravalli 
intrusion. Geological evidence is equivocal, the granite 
intruding highly fractured meta-argillites, and including 
dark-green xenoliths not cut by the aplite veins.
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GA 1723, Chawand granite, is from what is regarded 
as a mantled gneiss dome south of Udaipur. This Sarara 
Dome is surrounded by Aravalli metasediments and was 
mapped by Heron as pre-Aravalli. It is not to be assumed 
though that the granite is pr e-Aravalli; this dome is a 
miniature version of the Banded Gneiss Complex and almost 
certainly includes younger members. The 0.700 age of 
1840 m.y. may need reducing, as the rock is only moderately 
enriched, and it would be reasonable to suggest that the 
Chawand Granite might be of the same general age as the 
Bairat Granite, i.e. post-Delhi. It is unlikely to be as 
young as the Untala Granite, which is much nearer to it 
but different petrologically. The Untala Granite is medium 
grained, and lacks plagioclase; the Chawand Granite contains 
plagioclase and is fine-grained. Heron (1953 p.340) does 
discuss the possibility of the Untala and other granites 
being the same as porphyritic granites in the Sarara inlier, 
but it is uncertain whether he is referring to the 
particular rock at Chawand, and he may not be as he states 
that the Sarara granite is ’’apparently very similar”. He 
is at pains to point out that though the granite he mentions 
at Sarara does not penetrate the overlying Aravallis, no 
fragments have been found in the conglomerates; that 
perhaps this is because the particular granite in being
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coarse-grained would have disintegrated and the small
pebbles in the conglomerates would be formed of tougher, 
fine-grained other granitic debris. He ends by deciding 
that the Untala Granite is much more likely to be of 
Erinpura type, implying that the granite of the Sarara 
dome is likely to be older.
The result for the pegmatite GA 1729, 1261 m.y. at 
0.700 may be because the sample was small and the analysis 
by total-rock of a pegmatite sample is not always reliable 
in that a representative sample may need to be large.
These samples were not collected personally and were 
intended for dating mainly by minerals but separation of 
the minerals had not been practicable at the time of 
analysis. The result could provisionally be regarded as 
indicating that the pegmatite is most likely to be 
associated with the 950-1000 m.y. intrusives, as the 
present-day ratio is only 0.8088. According to Dr K.
Naha (pers. comm.) this pegmatite post-dates the second 
period of folding he has postulated from structural 
evidence.
Nepheline-syenites of Kishangarh These rocks were 
sampled more to attempt to date them as such than because 
they might help if dated to assess the age of the major 
sedimentary groups. The geological relationship with the 
sediments remains uncertain.
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From nine samples of the syenites and their associated 
camptonite dykes five total rock analyses and one biotite 
analysis have been made. These are listed in Table T-6-j £
The analyses were confined to the nepheline-syenites 
proper and a pegmatite; the camptonite dykes were 
unsuitable for analysis for lack of sufficient enrichment.
The four total rock analyses from the nepheline-syenites 
proper are variably enriched but none is individually 
sufficiently so to stand as a determination. The range of 
enrichment gives an extensive isochron with a Model I age 
of 1475 + 50 m.y. with an initial ratio of 0.7052 + 0.0012. 
This however has a mean square of weighted deviates of 25.59 
using a variance of 0.10 x 10"" indicating that there is 
either some slight variation in age or of initial ratio 
between the samples. The high value of MSWD can be 
statistically significantly reduced to 2.68 if GA 1765, 
the more gneissic sample, is excluded. The result is then 
1.490 + 150 m.y. with an initial ratio of 0.7057 + 0.0036.
A check on the Rb and Sr values obtained by mass-spectrometry 
made on GA 1765 and GA 1762 by accurate x-ray fluorescence 
(Mrs T. Martin, pers. comm.) shows no significant 
variation. A similar check was made on GA 1768, which 
suggest that it could be even younger than the mass 
spectrometric result shows, supporting the view that it
TABLE 6
Analytical data for samples from the nepheline-syenites of Kishangarh
and associated dykes
GA
No. Sample and locality
Rb
ppm
Common
Sr
ppm
„.87 /c. 86 Rb /Sr Sr87/Sr86
Age at 
initial 
ratio of 
0.700 my
1760 Nepheline-syenite, 
coarse porphyritic
Total rock 101.2 285.1 1.0246 0.7275 (1909)
1761 Nepheline-syenite, 
medium grained
Total rock 43.5 604.3 0.2079 0.7097 -
1762 N epheline-syenit e 
medium to coarse 
grained
Total rock 155.1
155.9
113.8„ 
112.4
3.934^
4.033
0.78 79 (1589)
1763 Meta-camptonite 
Total rock 48 + 656+ not analyzed
1764 Meta-camptonite 
Total rock 1 44+ 404* not analyzed
1765 N epheline-syenite 
gneissic
Total rock 116.8
119.1
202.4* 
200.2
1.6659* 
1.7234
0.7376
1766 Theralite, xenolith 
in nepheline-syenite
Biotite 418. b 14.9 81.2973 1.8051 971
1767 Di t to
Total rock 
Biotite
142+ 397+
not analyzed
not analyzed
1768 Sodalite from pegmatite 
in nepheline-syenite 76.9
81.3
52.3
51.6
4.2473#
4.5829
0.7771 (1294)
+ Approximate value by x-ray fluorescence
* Accurate value by x-ray fluorescence (Mrs T. Martin, 
pers. comm.)
Regression 6 Isochron age: 1490 + 150 my (Model I)
Isochron E Initial ratio: 0.7052 + 0.0012
MSWD: 25.59
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has ä maximum age of 1290 (at 0.700) and from its rather 
poor enrichment might be considerably younger. The 
biotite analysis was on GA 1766, a so-called theralite 
which is apparently a xenolith in the nepheline-syenite. 
The age of 970 + 5 m.y. for this is that of the Erinpura 
Granite period of intrusion. It is possible that the 
pegmatite should be attributed to this period.
4.2.3 General Comment on Rajasthan Geochronology The 
analytical data listed and discussed above, and the 
determinations of ages and probable ages give a great deal 
more information than was previously available. From 
these data alone it appears that (a) the oldest rocks in 
Rajasthan, sediments intruded by the Berach Granite, must 
be older than about 2500 m.y. and could be older than 2590 
m.y.; (b) the Berach Granite is confirmed as correctly 
correlated by Heron with the Bundelkhand Granite, and has 
a maximum age of 2580 m.y. + 10 m.y. but could be as young 
as 2500 m.y.; (c) the Aravalli System base can be no older 
than between 2590 and 2500 m.y., though of course it need 
not be so old; (d) post-Aravalli granites have an age of 
at least 1900 m.y. and perhaps 2100 m.y., so that the 
Aravalli System top must be of this order; (e) the age of 
the Alwar Series of the Delhi System, and probably of all 
that System, is greater than 1650 m.y.; (g) a second post-
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Delhi intrusion took place around 950-1000 m.y. and this 
is the Erinpura-type granite of Ajmer, with the Untala 
Granite proper (which has not been sampled); (h) a third 
post-Delhi period of high level granitic intrusion, 
confined to the area west of the Aravalli mountains in 
the main, immediately followed the effusion of the Malani 
Rhyolite at about 740 m.y.; (i) that pegmatites intrusion
accompanied the post-Aravalli granite intrusion at 2100- 
1900 m.y., the Erinpura-type granite intrusion at 950 m.y.; 
and (j) that the nepheline-syenites of Kishangarh have a 
post-Delhi age of 1490 + 150 m.y.
From the work of Heron and Naha’s recent structural 
work, it appears that apart from any early pre-Bundelkhand 
folding, the first folding of the Aravalli sediments in the 
area north-east of Udaipur took place before about 1900 
m.y., while the second took place before 900 m.y. and 
possibly before 1200 m.y., this second folding affecting 
both Aravalli and Delhi rocks. The alternative would be 
to postulate a third folding at about 900 m.y. with the 
second before 1200 m.y. Uplift of the Delhi System rocks 
dated from about 900 m.y.; this is also about the time 
of intrusion of the Untala Granite and Erinpura-type 
(Ajmer) granites, which are post-orogenic.
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It is immediately apparent that the concept of a 
Delhi Cycle ending at 735 m.y. approximately and starting 
at less than 955 m.y. approximately, äs postulated by 
Holmes (1949, 1955) must be abandoned. The Rajasthan 
sequence is very much older.
Date from other workers for this area are limited. 
Apart from the mineral ages from pegmatites reported by 
Holmes and by Aswathanarayana (1959a, 1959b) the only other 
data are given by Sarkar et al (1964), Tugarinov et al 
(1965), Vinogradov et al (1966) and Tugarinov and 
Voitkevitch (1966). These are all K-Ar ages, mostly of 
minerals.
In so far as Fermor (1950) in reviewing Holmes' 1949 
paper said plainly that the pegmatite mineral ages Holmes 
reported gave no diagnostic information except about those 
same pegmatites, he was the first to query the age Holmes 
placed upon the Delhi System. Tugarinov et al went 
further. On the basis of their oldest Vindhyan glauconite 
age they stated that their date unequivocally showed that 
the crystalline formations of Rajasthan must have an age 
greater than 1400 m.y. unless they were synchronous with 
the Vindhyans; if so, then the Delhi System would be a 
geosynclinal analogue of the Vindhyan platform sediments.
My data support the first suggestion of Tugarinov 
et al. I prefer, as will be seen later, to regard the
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Delhi System as a geosynclinal analogue of the Gwalior 
Series, the lavas of which have an age of 1810 + 200 m.y.
Other data of these workers do not, in my opinion, 
conflict with mine. There is at first sight a conflict 
between the data of Vinogradov et al and mine. After 
dating a gneiss of what they say is of Bundelkhand type, 
from 50 km south of Udaipur at 1590 m.y. they have then 
assumed that this, as part of the Banded Gneiss Complex, 
must pre-date the Aravalli System, which must then have 
an age of about 1500 m.y. The gneiss they dated is not of 
Bundelkhand age, nor is it to be assumed that because it 
is a component of the Banded Gneiss Complex it is pre- 
Aravalli. The Untala Granite, for example, is such a 
coirtponent and is even post-Delhi in age. Their deduction 
is invalid. It is relevant to note their comment that a 
lead isochron age for some Aravalli schist samples 
containing much detrital zircon gave a figure of 3500 +
200 m.y., and that allowing for experimental error this 
gives some indication of the possible age of the oldest 
rocks of Rajasthan.
The rest of the other data supplement mine. Vinogradov 
et al obtained an age of 900 + 50 m.y. for muscovite from 
an "Erinpura” pegmatite near Ajmer and give the same age 
for the Rajgarh lepidolites and a muscovite from a
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pegmatite in the Delhis at Qutb Minar , 12 km. south of 
Delhi. A zircon age of 1100 + 50 m.y. for the Siwana 
Granite of the Malani country seems very high.
The data in Sarkar et al are reported only in 
summary form and the interpretations from them are 
mistaken. It is clear that several mica ages of about 
950, 850 and 750 m.y. were found. They also mention ages 
of 643 and 621 m.y. for phyllite and biotite respectively 
from Alwar schists in the Khetri copper belt of northern 
Rajasthan. They mention a hornblende age of 783 m.y. for 
the Siwana Granite, but an age of 600 m.y. for a Malani 
Rhyolite, and unwisely assume, from the correlation of the 
Jodpur area "Vindhyan” with the Vindhyan proper, that the 
latter must have an age of less than 600 m.y. Their 
assumption that the Aravalli System has ages of 953-1020 
m.y., based on mineral ages, would not now be acceptable. 
These are ages of uplift.
4.3 Vindhya-Bundelkhand
4.3.1 Vindhya-Bundelkhand Geology (Map 5, in pocket)
General East of Rajasthan the northern part of the
Peninsula is dominated by the vast outcrop of the Vindhyan
System, which swings around the Bundelkhand Granite
2outcrop and covers about 180,000 km . The Deccan Trap 
obscures much of the Vindhyan outcrop in the south-west.
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Little recent work on this area as a whole has been 
published. Early mapping was by T. Oldham (1856), who 
defined the Vindhyan System, Medlicott (1859), Mallett 
(1869), Hacket (1870) and R.D. Oldham (1901). Heron (1922) 
and particularly Auden (1933) made contributions to parts 
of the area. Sharma (1953) discussed aspects of the 
Bundelkhand Granite, as did Jhingran (1958). Krishnan and 
Swaminath (1959) discussed the Vindhyan Basin with particular 
reference to possible Himalayan equivalents of the Vindhyan 
rocks. Ahmad (1962) has described Vindhyan palaeogeography. 
Dubey and Chaudhury (1951) postulated a Vindhyan glaciation 
and have been supported by Ahmad (1954, 1955, 1962); but 
this has been disputed by Mathur (1954). Mathur (1962) has 
described the diamond deposits of Panna and the kimberlite 
pipe from which they appear to have been derived.
The Vindhyan outcrop is a country of scarps and dips 
with extensive and often forested plateaux which are rather 
thinly populated. In the extreme west at Chitorgarh the 
Vindhyan plateau overlooks the eastern gneissic plain of 
Rajasthan and the Berach Granite outcrop. In the south, to 
the east of the Deccan Trap, the Vindhyan scarp is the north 
and very steep slope of the Narmada-Son Valley system. 
Northwards the Vindhyan drops in low steps to the Gangetic 
plain. Around the Bundelkhand Granite, which forms a 
rougher and more undulating but lower upland, the 
Vindhyan again forms scarps, as to the intervening Gwalior
74
and Bijawar Series rocks.
The sequence is given in Table 7.
TABLE 7
Precambrian sequence in Vindhya-Bundelkhand
Vindhyan
(in north) 
Gwalior Series
( Upper
(
(( Lower
(unconformity)
( Bhander Series 
( Rewah Series l( Kaimur Series 
Semri Series
(in south) 
Bijawar Series
(unconformity) 
Bundelkhand Granite
Bundelkhand Granite The Bundelkhand Granite
(originally and still commonly called the Bundelkhand 
Gneiss) is a mostly unfoliated massive pink granite rich 
in orthoclase feldspar and with a little hornblende; the 
latter occasionally becomes abundant. In the south-west 
schists occur; these are thought to be xenoliths. A 
striking feature is the presence of many straight quartz 
ridges aligned NE-Sw and up to 200 m high, which stop 
short of the schists in the south-west. These ridges 
are often serpentenized and some show copper mineralization. 
Basic dykes are even more common and are mostly aligned 
at 70° to the quartz ridges.
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The Bundelkhand Granite is poorly known by modern 
standards and appears never to have been mapped on any 
but the smallest scale.
Bijawar Series Overlying the Bundelkhand Granite 
in the south around Bijawar are about 250 m of sub­
horizontal arenaceous and calcareous sediments with basic 
lavas. These Bijawar Series rocks become more disturbed 
to the east where the Vindhyans overlie them with angular 
unconformity. The Bijawar Series has been correlated 
with the Aravalli System (Pascoe 1950).
Gwalior Series On the north side of the Bundelkhand 
Granite outcrop at and east of Gwalior the Granite is 
overlain by similar almost horizontal sediments 
containing basic lavas, the total thickness being up to 
700 m. These Gwalior Series rocks, which are overlain 
with erosional disconformity by Upper Vindhyan Kaimur 
sandstones, have been correlated rather uncertainly with 
the unmetamorphosed Aravalli or probable Aravalli rocks 
of Ranthambhor in north-eastern Rajasthan (Heron 1926), 
and equally uncertainly with the Delhis (Krishnan and 
Swaminath 1959).
Vindhyan System The Lower Vindhyan Semri Series 
has a varied lithology, inconstant thickness and limited 
outcrop; it is a marine sequence. The Upper Vindhyan,
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from which it is only locally seen to be separated 
unconformably, overlaps it extensively. The Semri Series 
of the Son Valley is 1000-1200 m thick and was divided 
into four stages by Auden (1933):
Rohtas Stage limestones and shales
Kheinja Stage 
Porcellanite Stage
( glauconite group 
( limestone 
( shales
( Khajrahat limestone 
( quartzite and conglomerateBasal Stage
The Porcellanite Stage is largely made up of silicified 
tuffs. The Kheinja Stage contains much glauconite in 
arkosic sandstones and in shales and this Auden 
established as authigenic.
The Upper Vindhyan, essentially red sandstones and 
shales with some limestones, has a remarkable uniformity.
It subdivisions persist over the entire group extending 
from east to west for 500 km. It is a deltaic sequence.
It contains lenticles of carbonaceous matter and is 
strongly current-bedded and ripple-marked. Much of the 
sand-size material is fine-grained and possibly of aeolian 
origin. The redness of many of the sandstones and shales 
has been attributed to aridity. Auden (1933) discussed the 
prevailing climate during deposition, but Ahmad (1962) 
does not accept that the evidence indicates aridity for the
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Kaimur Series or lower beds, He prefers to invoke a 
tundra climate, partly on the interpretation of certain 
breccias and conglomerates (which puzzled Heron and Auden) 
as "’rafted” material. He appears however to accept an 
arid climate during the period of deposition of the 
Bhander Series rocks, and says nothing about the Rewahs, 
which separate them from the Kaimurs.
The Vindhyan appears not to be intruded by granites 
(though as pointed out above in 4.2.2, it is possible that 
in the west any intrusions have yet to be revealed by 
erosion of the thick sediments east of the Great Boundary 
Fault of Rajasthan). In the Lower Vindhyan Semri Series 
Auden noted basic, intrusives near Chopan in the Son Valley. 
Tewari (1968) suggests that these may be in pre-Vindhyan 
shales south of a major fault; Auden found this area 
particularly difficult to work out. Near Chitorgarh in 
Rajasthan basic amygdaloidal lavas at Khairmalia have 
recently been discovered by V. Mahajan (pers. comm.) to 
be in Vindhyan rocks and not Aravalli as believed by 
Heron (1936) .
Near Panna in Madhya Pradesh (Lat. 24°40'N, Long. 
80°12’E) the long-known occurrence of diamonds in Vindhyan 
conglomerates was traced by Sinor (1930) to a kimberlite 
pipe which intrudes Upper Vindhyan Kaimur sandstones.
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The area is described in detail by Mathur (1962). It is 
from this same area that very indifferent evidence of 
glaciation in the Vindhyan has been recorded (Ahmad 1955).
Glaciation in the Vindhyan The question of a
glaciation in the Vindhyan is particularly important
because of the occurrence of glacigene rocks in the
upper Precambrian of Australia (especially in South
Australia and the Kimberleys of Western Australia) and
in many other parts of the world. Apart from a few
reactionaries on both sides of the Bering Straits nearly
all geologists accept these rocks as of glacigene, if
not all of strictly glacial, origin. In India, it is
remarkable that W.T. Blanford, who was the first person
3in the world to recognize a pre-Quaternary till, was 
also the first to suggest that a tillite of Vindhyan age
3Holland in eulogizing Blanford in a Presidential Address 
to the Geological Society of London in 1933 stated that 
"he made a contribution to the natural history of the 
Indian region which no other single individual has equalled 
since”, and referred to Blanford’s "complete faith in 
observational facts and limitation to first simple 
inferences". Blanford was 26 when he returned to Calcutta 
to lay the facts before the then Director of the Geological 
Survey of India, T. Oldham. Holland rightly adds "I regard 
the publication of the Talchir report as an outstanding 
testimony to his i.e. Oldham’s far-sighted ability as a 
geologist, and but one among many evidences of his genius as 
an administrator". I shall add that the administrative 
standards of 1856 in India compare more than favourably with 
those of 1956 in some non-Indian regions.
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existed. He was referring to the boulder-bed at Pokran 
(Pokaran) in western Rajasthan (Lat. 27°00’N, Long, 71°
55’E). This has been discussed at length by many people 
since (Fox, 1928; Heron 1932; Ahmad, 1962) but apparently 
actually visited and described by no-one since Oldham 
went shortly after Blanford found i t  and by La Touche 
(1902). In the Vindhyan basin proper, Dubey and 
Chaudhury (1952) and Ahmad (1954, 1955, 1962) have 
postulated a glaciation based on identification of glacial 
(or what I would prefer to call, following Mawson, 
glacigene) rocks in both the Semri Series in the Son 
Valley and in the upper part of the Kaimur Series of the 
Panna district, correlating the latter with breccias 
elsewhere in the basin. Mathur (1954) disputed Dubey 
and Chaudhury’s belief that the basal conglomerate of the 
Semris in the Son Valley is a t i l l i t e  and further 
suggested that the particular rock seen was probably 
pre-Semri. He accepted that rock at their second 
locality was t i l l i t e  but again suggested that i t  was 
pre-Vindhyan. The evidence given exceedingly briefly by 
Ahmad (1955) is unconvincing, and. his discussion of the 
whole question in his 1962 paper is based far too much on 
interpretation of the statements of other geologists rather 
than personal field observations. It also uses circular
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arguments. In particular he disputes Auden’s rather careful 
descriptions of the Porcellanite Stage rocks as pyroclastics, 
following Vredenburg (1906). Ahmad regards them as varvites, 
and denies the existence of volcanic centres nearer than 
those of the Malani area 800 km away, in spite of the 
centres having been mentioned by Oldham (1901) and 
Vredenburg, and the known occurrence of felsites in the
4vicinity (Pascoe, 1959, p.505). Ahmad (quoted in Mathur 
1962) in his desire to prove a Vindhyan glaciation has even 
suggested that the pipe-rock near Panna is a "graywacke of 
glacial origin”, a suggestion that does seem to merit 
Mathur's comment that it is "extraordinary”.
The evidence for a glaciation in the Vindhyan at 
present seems to me to be inconclusive. Much more careful 
description and interpretation of all possible occurrences 
of glacigene rocks needs to be made.
4The identification of fine-grained pyroclastics in areas of 
possible glaciation is of course exceedingly difficult. I 
was faced with this problem in mapping the Wooltana area 
Adelaide System rocks in South Australia in 1957, an area 
where volcanics are tightly folded and faulted among 
Sturtian glacigene beds. With the aid of petrographic 
descriptions I rather uncertainly mapped them as pyroclastics 
but this has not surprisingly been challenged by Mirams 
(pers. comm.). After revisiting the exposure in 1959, 1961 
and 1967 I am still uncertain.
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Age of the Vindhyan Many Indian geologists believe 
that the Vindhyan is wholly or in part of Phanerozoic age. 
Oldham himself put the System (then without the Semri Series, 
which has become informally but firmly attached to it) into 
the Palaeozoic. This was of course at a time when in many 
parts of the world rocks now accepted as upper Precambrian 
were thought'of as Cambrian or ’’Silurian” . The System is 
separated by no very conspicuous unconformity from the next 
overlying rocks, which are of Upper Carboniferous age. In 
spite of well-established examples of immense gaps in time 
between otherwise apparently conformable rocks, many 
geologists are oddly reluctant to believe in them, at least 
in the areas they have themselves mapped. The discovery 
of fossils of uncertain type in the Lower Vindhyan led to 
a belief that the Upper, at least, should be of Cambrian 
age or even younger. Sahni (1962a, 1962b) has summarized 
the palaeontological evidence. There remains strong 
disagreement. Heron (1932) stated that ’’the evidence for 
the Cambrian age of the Vindhyans is ... so unconvincing 
that we may disregard it Pichamuthu (1968) states
that he is "... inclined towards assigning the Vindhyans a 
Lower Palaeozoic age ...” .
4.3.2 Vindhya-Bundelkhand Geochronology Forty four 
samples were collected in this region. Thirty five total 
rock and six mineral analyses were made.
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Vindhyan System Samples were obtained from (a) the
basic dykes said by Auden (1933) to intrude the Lower 
Vindhyan Semri Series rocks at Chopan, Mirzapur District,
U.P.; (b) basic lavas at Khairmalia, south-west of Chitorgarh,
Rajasthan, thought by Heron (1936) to be in the Aravalli 
sequence but recently found to be in the Vindhyan; (c) the 
kimberlite of the pipe which intrudes the Upper Kaimur 
sandstone at Majhgawan south-west of Panna in Madhya 
Pradesh.
Chopan Dykes Nine samples were collected from an
2area of about 100 m . Five total rock and three 
plagioclase analyses have been made. Results are listed 
in Tab!e 8.
Enrichment in radiogenic strontium in all cases is 
very low. Plotting of the total rock results does however 
give a linear pattern, and the data regress satisfactorily, 
giving a Model I isochron (using a variance of 0.10 x 10~ ) 
with a MSWD of 0.55, The age of 2515 + 600 m.y. has a 
large range because of the concentration of the population 
and its nearness to the origin. Initial ratio is 0.6994 + 
0.0037.
None of the plagioclase results improve this isochron.
All the plagioclases are altered and impure and are 
abnormally Rb-rich. They have been excluded from the isochron.
TABLE 8
Analytical data for samples of the Chopan Dykes
Locality: In forest on ridge 1 km east of Kajrahat, 9. 5 km 
south-south-east of Chopan, Uttar Pradesh
(dykes at 24°26'30,fN, 83°4'30"E)
All samples are slightly saussuritized dolerites
GA
No. Type
Rb
ppm
Common 
Sr ppm
„,8 7 /c. 86 Rb /Sr c. 87/e 86 Sr /Sr
2651 Total rock 60* 32 5+ not analyzed
2652 Total rock 46.2 303.6 0.4389 0.7147
2653 Total rock 
Plagioclase
59 + 
80.3
320+
560.4
not analyzed 
0.4133 0.7148
2654 Total rock 
Plagioclase
62+
51.0
310+
302.8
not analyzed 
0.4863 0.7137
2655 Total rock 48.0 293.4 0.4719 0.7164
2656 Total rock 45.6 304.7 0.4317 0.7146
2657 Total rock 60.5 329.4 0.5298 0.7183
2658 Total rock 50+ 329+ not analyzed
2659 Total rock 
Plagioclase
38.9
45.3
313.1
775.2
0.3583
0.1686
0.7123 
0.7125
+ Approximate value by x-ray fluorescence 
Regression 7 
Isochron F
Isochron age 251.5 + 600 my (Model I)
Initial ratio 0.6993 + 0.0037
MSWD 0.55
0.
70
83
If the variance is reduced to 0005 x 10” ,^ which is 
probably permissible with such similar samples, the MSWD 
is increased to Xo04 and. the age on Model I is 2520 + 430 
m.y., with initial ratio 0.6993 + 0.0027.
Khairmalia lavas These samples were not collected 
primarily for age determination but were small specimens 
made available in August 1967 by Mr V. Mahajan. Five 
total rock analyses give results listed in Table 9.
These results are not very satisfactory. The samples 
are of altered basic amygdaloidal rocks which may have 
been subjected to some metamorphism in that they come 
from one of the few disturbed areas of the Vindhyan.
Regression of these data is very unsatisfactory and 
of no value in assessing the age of the samples.
From the range of apparent ages individual analyses 
(at 0o700) a conclusion may tentatively be drawn that at 
least these lavas are likely to be over 1000 m.y. old, and 
possibly over 1250 m.y. old.
Majhgawan kimberlite A sample of the kimberlite
from the pipe at Majhgawan near Panna was obtained by 
Dr J.R. Grantham some years ago and sent to Dr J.F. Lovering 
in Canberra. Dr W. Compston (pers. comm.) made an analysis 
of separated phlogopite in 1963 and obtained an age of 
approximately 1140 m.y. A replicate analysis was made
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by me, with a similar result, in 1968 and with total rock 
data is listed in Table 10. The available data include 
also an analysis of the same phlogopite using the K-Ar 
method by Dr I. McDougall (pers. comm.).
The replicate analyses of the phlogopite by the
Rb-Sr method suggest that the age is 1140 + 12 m.y., the 
87 86present-day Sr /Sr ratio being independent of any 
assessment of the initial ratio, which is almost certainly 
likely to be low. The independent analysis by K-Ar gave a 
figure of 1056 m.y. but to compare it with the Rb-Sr 
analysis, for which a value of XRb = 1.39 x 10"” yr has 
been used, it is necessary to make an adjustment of about 
six per cent, giving a figure of approximately 1120 m.y.
Thus the ages obtained by the two methods are in agreement. 
This would rule out any possibility of the phlogopite being 
a xenocryst and giving a deceptive age for the pipe.
The age of the base of the Upper Vindhyan is therefore 
over 1140 + 12 m.y.
Gwalior Series lavas Thirteen samples of lavas
from the upper or Morar Stage of the Gwalior Series were 
collected. The upper horizon of lavas is well exposed in 
quarries at Gwalior city and from there twelve samples 
were collected (these were oriented samples for palaeomagnetic 
purposes also). A single sample from the poorly-exposed
TABLE 10
Analytical data for samples from the Majhgawan kimberlite 
pipe near Panna, Madhya Pradesh
GA 
N o .
Sample and 
Type
Rb
ppm
Common
Sr
ppm
n, 87 / c 86 Rb /Sr
Age at
c 87/c 86 initial Sr /Sr ,.ratio of
0.700 my
772 Kimberlite 
pipe rock
Total rock 35* 1045+ 0.7044*
0.7050*
Phlogopite 620.0 
608.6
72.2
75.9
24.7200 
23.1185
1.0927
1.0709
1140
1145
+ Analysis of unspikedsample; Rb and Sr values 
approximate, by x-ray fluorescence
* Analysis by Dr W. Compston (pers. comm.)
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lower horizon in the same Stage was collected 10 km south­
west of Gwalior. The samples are all non-amygdaloidal 
fine-grained doleritic rocks which show only slight 
alteration, and are- very probably deuterio^, X-ray 
fluorescence showed that their Rb/Sr ratio is very low 
and it was not expected that they would be satisfactory 
material for age determination, but the urgent need both 
to date the Vindhyan System (for which they would give 
a maximum age) and to provide a datum for palaeomagnetic 
work in the Precambrian made it very desirable to attempt 
to analyse them. The results have been particularly good, 
probably because twelve of the rocks are from one locality 
and undoubtedly from one body of apparently uniform rock. 
Results are listed in Table 11.
Analysis of five total rock samples and three 
separated plagioclases (all from the quarry locality) have 
been combined to give an isochron with an age of 1815 +
200 m.y. This is a Model I isochron, with an initial 
ratio of 0.7047 + 0.0007, using a variance of 0.05 x 10” .^ 
The residual variance is low and well within the limits 
of experimental error (MSWD 0.49). The low initial ratio 
probably implies that the indicated age is the true age 
of emplacement. The only other attempt at dating the 
Gwalior lavas was that of Dubey (1930) who measured helium
TABLE 11
Analytical data for samples of lavas from the upper 
or Morar Stage of the Gwalior Series
Locality
All
: All except GA 2688, from three levels about 5 m 
apart in main quarry, Gwalior Fort Hill, Gwalior 
city. GA 2688 from roadside exposure 10 km 
south-west of Gwalior on Indore road.
samples are medium to fine grained dolerites
GA Rb Common . 87 , 86 0 87 86
No . Type ppm 0 Kb /SrSr ppm Sr /Sr
2676 Total rock 30+ 225+ not analyzed
Plagioclase 27.1 490.9 • 0.1591 0.7087
2677 Total rock 30+ 224+ not analyzed
2678 Total rock 29+ 213+ not analyzed
2679 Total rock 31+ 222+ not analyzed
2680 Total rock 30+ 228+ not analyzed
2681 Total rock 24.0 228.2 0.3029 0.7126
Plagioclase 29.2 502.0 0.1679 0.7088
2682 Total rock 29 + 223+ not analyzed
2683 Total rock 29+ 219+ not analyzed
2684 Total rock 22.4 225.8 0.2862 0.7120
2685 Total rock 22.9 218.5 0.3013 0.7122
2686 Total rock 25.4 225.4 0.3243 0.7131
2687 Total rock 25.6 228.3 0.3230 0.7129
Plagioclase 27.4 474.0 0.1666 0.7091
2688 Total rock 29.9 215.3 0.4007 0.7142
+ Approximate value by x-ray fluorescence 
Regression 9 
Isochron H
Isochron age 1815 + 200 my (Model I) 
Initial ratio 0.7047 + 0.0007 
MSWD 0.96
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ratios for three samples. Apart from the question of the 
quality of technique developed at that time, his results, 
which gave a range of ages from 200 m.y. to 500 m.y., 
would be minimum ages.
Bijawar Series lavas Six samples of the Bijawar
Series lavas were collected with some difficulty from 
shallow road cuts south of Bijawar. These were small 
samples of very fine-grained rocks from which it has not 
been practicable to extract any mineral. All were analysed 
as total rocks and the results are listed in Table 12.
As the samples are fortunately much more enriched 
than the Gwalior lavas the absence of analyses of minerals 
such as plagioclase is not so serious as it might be, and 
the data give a tolerably good isochron at 2780 + 365 m.y.,
o 7 Oftwith an initial Sr /Sr ratio of 0.6970 + 0.0031. This 
is a Model II isochron, using a variance of 0.10 x 10 , 
Model I having a mean square of weighted deviates of 11.53. 
It appears therefore that there are slight differences of 
age between the samples. Apart from the fact that an 
initial ratio of 0.6970 is unlikely, and at 0.7000 the 
indicated age would be rather younger, the range of ages 
for these lavas is in any case controlled by better data 
on the underlying Bundelkhand Granite, which from the 
results given in the next paragraphs limits the age of the
TABLE 12
Analytical data for samples of lavas of the Bijawar Series
Locality: From shallow road cut 10 km south of Bijawar on
Kishengarh road, Madhya Pradesh
Samples are all fine-grained dolerites
GA
No. Type
Rb
ppm
Common 
Sr ppm Rb87/Sr86 Sr87/Sr86
2664 Total rock 19.5 123.0 0.4570 0.7147
2665 Total rock 30.7 131.1 0.6759 0.7230
2666 Total rock 87.2 258.6 0.9729 0.7337
2667 Total rock 79.1 318.2 0.7176 0.7268
2668 Total rock 17.3 122.7 0.4071 0.7132
2669 Total rock 84.6 217.2 1.1241 0.7420
Regression 10, 11 
Isochron J, K
Isochron age 2780 + 365 my (Model II) 
Initial ratio 0.6970 + 0.0031

8 7 .
Bijawar lavas to the range 2415 m4y. (the minimum age of 
the Bijawar isochron) to 2665 (the maximum age of the 
Bundelkhand isochron for five samples). If the youngest 
possible age for the Bundelkhand Granite is taken, then 
the range is limited to 2415-2440 m.y. On present 
evidence the age of the Bijawar lavas is probably between 
2410 m.y, and 2510 m.y,
Bijawar Lavas and Chopan Dykes As the Bijawar 
lavas seem to be of the same order of age as the Chopan 
Dykes the two groups were regressed together. This 
results in a statistically significant deterioration in 
the quality of the isochron, for which the MSWD becomes 
53.37. It would therefore appear that the ages are not 
quite the same, but the legitimacy of this joint regression 
is in any case questionable as the populations form distinct 
groups, one rather more enriched than the other.
Bundelkhand Granite The Bundelkhand Granite 
outcrop was sampled along a traverse from ESE to WSW 
mainly along the Panna-Chhatarpur-Jhansi road, but also 
southwards towards Bijawar. Ten samples were collected.
Of these seven have been analyzed as total rocks, the 
results being listed in Table 13.
Of these data, four analyses are of samples 
sufficiently well-enriched in radiogenic strontium to stand
TABLE 13
Analytical data for samples of the Bundelkhand Granite
GA
No.
Sample, locality and 
type
Rb
ppm
Common
Sr
ppm
D. 8 7,_ 86 Rb /Sr Sr87/Sr86
Age at 
initial 
ratio of 
0.700 my
2660 Red granite, 
Chatrabhanj temple 
Khajuraho
24°50', 80°00' 
Total rock 224.9 102.7 6.3177 0.92 58 2526
2661 Red granite
24°40', 79°59' 
Total rock 187.4 72.1 7.5033 0.9659 2 505
2662 Red granite
24°41', 79°57' 
Total rock 166.9 89.3 5.3899 0.9015 2640
2663 Pink granite
24°43', 79°50' 
Total rock 1 70.9 588.8 0.8373 0.7329 (2775)
2670 Pink and grey medium­
grained granite 6 km 
W of Chhattarpur
2 4°55' , 79°3 5'
Total rock 148.6 3 79.0 1.1315 0.7454 (2829)
2671 Coarse mafic granite 
4 km W of Nowgong lost
2672 Red granite, slightly 
foliated, Pahari 
inspection bungalow, U.P.
Total rock 408.5 
401.1
79.6
77.4
14.8027 
1 4.9 549
1.2334
1.2395
2547
2550
2673 Red granite, fine­
grained, Man Hampur , II.P.
Total rock 56+ 39 3+ not analyzed
2674 Pink medium-grained 
granite, 2 km WNW of 
GA 2674
Total rock 192+ 20 7+ not analyzed
2675 Pink medium-grained 
granite 19 km SE of 
Jhansi 143.5 2 50.6 1.6515 0.7621 (2655)
+ Approximate value by x-ray fluorescence 
Regressions 12, 13 Isochron J
Isochron ages: (a) whole group
age 2 515 + 75 my
initial ratio 0.7039 + 0.0034 
MSWD 14.20
(b) excluding GA 2660 and 2661 
age 2560 + 106 my
initial ratio 0.7033 + 0.0032
MSWD 11.37
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as individual determinations, One, GA 2672, gives replicate 
ages at 0,700 of 2550 and 2547 m.y. Two of the others,
GA 2660 and GA 2661 appear to be distinctly younger as 
their 0,700 ages are 2526 and 2505 m„y. respectively; 
unless of course, GA 2672 ought to be regarded as having
8 7 o f.a higher initial Sr /Sr ratio than these. The group
as a whole, having been collected sporadically over a
very large area of an outcrop in which the rock can hardly
be expected to be identical, do not of course regress
satisfactorily as a Model I isochron. (If they did,
something would surely be wrong,’) but the mean square of
weighted deviates using a variance of 0,100 is only 14.20.
It may be added that the only sample of basic appearance
could not be found and so has not been analyzed. The
indicated age of 2515 + 75 m.y, (initial ratio 0.7039 +
0.0034) is a Model IV, implying a variation in both age 
8 7 8 6and initial Sr /Sr ratio to some slight degree. If the 
probably truly younger samples GA 2660 and 2661 are 
excluded, the regression gives a MSWD of 11.37, which is 
not a statistically significant decrease. The age becomes 
a Model IV one of 2560 + 105 m.y., with initial ratio of 
0.7033 + 0.0032.
Regression of this latter group with the Berach 
Granite of Rajasthan gives a statistically insignificant 
decrease of MSWD to 8.59 and the indicated Model IV age
8y
is 2555 + 55 m.y. (initial ratio 0,7035 + 0,0027).
4.3.3 General Comment on the Geochronology of Vindhya- 
Bundelkhand The data above show first that much of the 
Bundelkhand Granite is approximately 2550 m.y. old and that 
any metasediments intruded by it in the south-west of the 
outcrop are likely to be over 2600 m.y, old. The Bijawar 
Series is the next oldest formation and is not much younger 
than the Bundelkhand Granite, with an age of between 2410 
and 2510 m.y. There then appears to be a large gap in 
the sequence, as the Gwalior lavas have an age of 1815 +
200 m.y. and the base of the Series is not likely to be 
much older. The correlation of the Gwalior Series with the 
Bijawar Series must be abandoned.
As the base of the Upper Vindhyan is at about 1150 
m.y. (or more), the base of the Lower Vindhyan must be of 
the order of 1200 m.y. at least and could be a good deal 
older. The Vindhyan System therefore spans a very long 
period of time if its uppermost members are Palaeozoic, 
as some suspect, or even if they are uppermost Precambrian. 
It seems likely to have very long time breaks within it, 
and as a whole is much older than previously thought.
It is apparent that the igneous rocks previously 
believed to intrude Lower Vindhyan shales at Chopan in 
the Son Valley do not intrude Vindhyan rocks, but as
90
tentatively suggested by Tewari (1968) and hinted at by 
Auden (1933), older sediments possibly of Bijawar Series 
age. These igneous rocks greatly exceed even the Gwalior 
Series lavas in age, and are probably of about the same 
age as the Bijawar lavas.
Comparison with other data There are few other 
data on Vindhya-Bundelkhand.. Sarkar et al (1964) mention 
briefly K-Ar biotite ages of 2500 and 2510 m.y. from 
granites near Dumra, Chhattarpur (i.e. Bundelkhand Granite). 
Vinogradov et al (1966) evidently believe that they have 
determined the age of the Bundelkhand Granite at about 
1590 m.y. This is based on analysis by total rock K-Ar 
of a "massive gneiss of Bundelkhand type" 50 km south of 
Udaipur in Rajasthan; they also report an age of 1200 m.y. 
for a "migmatite of Bundelkhand appearance" (my translation) 
from 40 km east of Ajmer. These are not samples of 
Bundelkhand Granite, but merely components of the Banded 
Gneiss Complex, which are of varying ages as shown in 
4.2.2 above. Vinogradov et al are the victims of 
terminological inexactitude.
Tugarinov et al (1965) give glauconite ages for 
samples from the Semri and Kaimur Series of the Vindhyan. 
These are 1400 m.y. and 1100 m.y. (for the Semri) and 940 
m.y. and 910 m.y. (Kaimur). Following Hurley et al (1960)
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I would regard them as minimum ages, They are in agreement 
with the Majhgawan kimberlite determination. Two conclusions 
are drawn by Tugarinov et al from their data. The first, 
which I accept, is mentioned above in 4.2.3 and refers to 
the conflict with Holmes’ age of the crystalline formations 
of Rajasthan. The second is that rocks of from 900 to 
600 m.y. are absent from the Vindhyan. This is 
unwarrantable; Tugarinov et al dated no glauconites from 
the upper two Vindhyan Series (Rewah and Bhander) and 
have no control of that part of the System - at least 
half of it, in terms of thickness of represented rocks.
At present it is quite reasonable to suggest that the 
Vindhyan may span the period from 1400 m.y. to the base 
of the Cambrian or above, with numerous long gaps for 
which no rocks now remain as representatives.
4.4 Summary of Geochronology of Northern Peninsular
India
Rocks older than 2600 m.y., and possibly about 3000 
m.y. old, occur in part of the Banded Gneiss Complex of 
Rajasthan. These are those intruded by the Berach Granite
For this reason I have not here converted them to ages 
calculated using the constants favoured at A.N.U.
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and others referred to by Raja Rao (1967) and Naha et al 
(1967) . They may be expected to occur as xenoliths or as 
larger intruded bodies in the poorly-known south-western 
outcrop of the Bündel khand Granite, None have been 
certainly dated so far.
The Bund el khand sind B er ach Granites are co-eval 
at about 2550 m„y„ and the basement beneath the western 
part of the outcrop of the Vindhyan in SE Rajasthan is 
likely to be of this age.
The Aravalli System is younger than 2500 m.y. and 
older than 2000 m,y. It is to be correlated with the 
Bijawar Series, though the latter may be equivalent to 
only the lower part of the Aravallis. The general 
similarity of ages for the Bijawar lavas and the Chopan 
dykes (which are intruded into pre-Vindhyan rocks) suggest 
that these, and the lavas in the lower Aravalli sequence 
near Udaipur were all approximately synchronous. There 
is support for the suggestion of Tewari (1968) that a 
connection between the Aravalli System and the 
"Transitions’* (i,e. Bijawar-type rocks) of the Son Valley 
exists, now obscured by Deccan Trap cover.
The suggestion by Tugarinov et al (1965) that the 
Delhi System might be a geosynclinal analogue of the 
Vindhyan System is unacceptable. Age data imply a
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sequential relationship between the two, and that the 
analogue is between the Gwalior Series and the Delhi 
System. The Gwalior lavas, preserved unmetamorphosed in 
the platform sediments of the shelf environment, are 
probably to be correlated with the highly altered basic 
volcanic rocks found by Heron (1917) in north-eastern 
Rajasthan in the thick geosynclinal Alwar Series of the 
Delhi System.
The Vindhyan System spans an immense time of at 
least 700 m.y., and possibly 800 m.y. or even more if 
part is Phanerozoic. If sedimentation was continuous 
or almost so it is now very imperfectly represented.
The so-called trans-Aravalli Vindhyan of Jodhpur 
(Jodhpur Sandstones of Blanford) is the equivalent of 
only the uppermost part of the Vindhyan System and perhaps 
to be correlated with the Bhander Series.
In addition to the geosynclinal basic vulcanism at 
about 2400 m.y. and 1800 + 200 m.y. there was vulcanism 
of a predominantly acid and submarine type in Lower 
Vindhyan time (1400-1200 m.y.). Sub-aerial rhyolitic 
and ignimbritic effusion accompanied by high-level granite 
intrusion took place widely in Western Rajasthan at about 
750 m.y. and was confined to that area.
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Granitic intrusion, granitization and migmatization 
have taken place repeatedly. The earliest known is the 
Bundelkhand Granite, emplaced at about 2550 m.y.; this 
developed into a cratonic nucleus. Accompanying folding 
an uplift of the Aravalli geosynclinal rocks, many 
granites were intruded in southern Rajasthan at about 
2100-1900 m.y. Accompanying folding and uplift of the 
Delhi System rocks granites and pegmatites were intruded 
at about 1700-1650 m.y., possibly at about 1400 m.y., at 
about 1200 m.y. and widely, especially along the axial 
zone of the Aravalli Mountains, at 1000-950 m.y. These 
are all confined apparently to Central Rajasthan, but it 
should be realized that erosion of Vindhyan cover might 
reveal them further east. Intensive pegmatite intrusion 
accompanied the latter event especially in that axial 
zone and continued in a pulsating manner with dated 
occurrences at about 850, 750, 650 and 580 m.y.
Igneous activity shows some tendency to migrate 
westwards with time, though the long history of intrusion 
into the axial zone of the Aravalli Mountains suggests 
that this is a major and very ancient tectonic feature.
4.5 Mysore-Hyderabad
4.5.1 Geology of Mysore-Hyderabad (Map 6, folded in pocket)
General This region is in large part the next 
best-mapped of those particularly sampled and studied.
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This because a vigorous State Geological Department existed 
in Mysore from 1894. It must be realized that the Native 
State, in existence until 1948, was much smaller than the 
present State. The region described here is much larger 
even than the new Mysore, as it extends north to include 
a large salient in Andhra Pradesh almost to the Godavari, 
in the former Native State of Hyderabad. This latter part 
is the Telangana plateau.
The descriptions of the geology given below are 
therefore mostly for only a part of the area; much of the 
rest remains poorly known.
Geographically the region is entirely plateau except 
for the western margin, where the Western Ghats rise above 
the plateau level then fall suddenly to the coastal zone. 
This southern and central part of the plateau is the true 
Carnatic, or Karnatka; as Spate (1957) points out, the name 
Carnatic was misapplied to the Madras littoral. Apart from 
the Western Ghats, of which at least the scarp is 
geographically separate, the region has two main divisions. 
These are the forested Main ad in the west and the lower 
more open Mai dan in the east. They are largely a reflection 
of the geology, which dominates the topography. The Malnad 
is an area of wooded hills formed of Dharwar System rocks 
or granites associated with them, in definite if confused
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patterns of ranges rising abruptly from the plateau to about 
1200 m, with peaks to 2000 m. The Maidan, much of which is 
almost featureless, has a general elevation in the west of 
about 1000 m and gradually slopes down eastwards. It is 
underlain by Peninsular Gneiss for the most part. The 
region is bisected meridionally by a narrow belt of 
granite domes and tors, the Closepet Granite outcrop, 
which is in sharp contrast to the subdued gneissic terrain. 
In southernmost Mysore an irregular area of rugged hills is 
underlain by charnockites, which will be dealt with mainly 
in the following section of Madras-=Kerala, where they are 
mor e common.
The sequence of rocks is still disputed. The area 
is the classic "crystalline complex" of South India, 
commonly described as an Archaean complex. It was here that 
the major unconformity between the more metamorphosed 
Precambrian and the overlying, almost unmetamorphosed 
Cuddapah rocks was so clearly seen. (I deal with the 
latter into a separate region.)
Early traverses by Newbold between 1844 and 1850 led 
him to suggest that the widespread gneisses and schists 
were intruded by granites. Foote (1876, 1882, 1895) became 
the first head of the State Geological Department and 
separated what he apparently accepted as a predominantly
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sedimentary series of Dharwar Schists from underlying 
granitoid gneisses. Systematic mapping from 1898 by his 
successor Smeeth led to the opposite view, that the 
Dharwar Schists were the oldest rocks and were intruded 
by granitoid rocks. Smeeth and his colleagues found no 
base upon with the Dharwars could have been laid down.
The story is further complicated by a persistent 
unwillingness on the part of Smeeth, which he soon seemed 
able to persuade his dissident colleagues into following, 
to believe that any of the Dharwar rocks could be of 
sedimentary origin. It is clear that this was carried 
to absurd lengths.
Smeeth (1916) argued that the Dharwars were 
intruded four times, by (a) the Champion Gneiss of the 
Kolar Goldfields; (b) the Peninsular Gneiss;
(c) charnockites; and (d) the Closepet Granite. It is 
apparent though that the term "Peninsular Gneiss’5 was, 
and still is, applied to what is left on the map after the 
Dharwars, the Closepet Granite and the charnockites 
(together with the areally insignificant Champion Gneiss) 
have been taken away. Classification was done more by 
subtraction than by division, and the F]hetf.,nsular Gneiss 
is not so much a formation as a residue. The principal 
effort in the mapping had of course been directed towards 
the economically more interesting Dharwar rocks,
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Following this first real survey, which culminated 
in Smeeth’s 1916 memoir and its valuable accompanying map 
on a scale of 8 miles to the inch, efforts were diverted 
rather more to the development of mineral resources. But 
revision mainly by Rama Rao (1936) and Pichamuthu (1935) 
effectively proved the mainly sedimentary origin of the 
Dharwar rocks. Pichamuthu (1957) also demonstrated the 
existence of pillow lavas, which had been suspected many 
years before.
Before discussing further the sequence as a whole, 
some comments on each part of it are desirable.
Dharwar System The term System has been loosely
applied to what were previously known as the Dharwar Schists.
Some perspicaceous comments of Pichamuthu (1951) on 
attitudes to the Dharwar rocks have already been quoted 
above, viz. that the obsession with a belief in their 
igneous nature, and with describing them as occurring in 
narrow belts, led to a certain narrowness of thought in 
interpreting the evidence available. Much present opinion 
is in favour of regarding the various but often linear 
outcrops as relics of a great anticlinorium plunging NNW 
(Pichamuthu 1951, 1,962; Narayanaswami 1959). It is very 
probable that the ”remarkable uniformity of strike and dip” 
is in fact an expression of the cleavage. Nautiyal (1967)
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States that ’’the entire unit appears to have been thrust 
over the Archaeans ...” and that nappes are characteristic 
of the folding; but this is a minority view.
Metamorphism of all the Mysore rocks increases 
southwards and south-eastwards (Ramo Rao, 1936; Pichamuthu 
1962, 1965, 1968) so that the most detailed knowledge of 
the sedimentary succession has necessarily been obtained 
from the northernmost part of the former State, in the 
Chitradurga (former Chitaldrug) and Shimoga areas - not, 
it may be noted, in the type area of Dharwar, which was 
then part of the Bombay Presidency. Igneous content of 
the Dharwar rocks tends to increase towards the south-east.
Sampat Iyengar worked out a three-fold division of 
the Dharwars in 1906 but this was unacceptable to Smeeth 
(1916) who divided them into a lower hornblendic group and 
an upper chloritic group. Later Smeeth (1928) stated that 
these had no time significance. The Champion Gneiss, its 
name having been extended in use to other rocks of similar 
appearance in western Mysore, had been incorporated into 
the Dharwars by Sampat Iyengar (1920) and the main 
unconformity placed between the Champion Gneiss and the 
Peninsular Gneiss. Smeeth (1926) agreed.
The naming of the Dharwars was done by Foote while he was 
still a member of the Geological Survey of India, which he 
left to become head of the Mysore organization.
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Ramo Rao (1936, 1940) developed a three-fold division 
which was widely accepted. Pichamufhu (1968) follows it but 
prefers to place the Champion Gneiss in the lowest 
division. It is clear that there is more than one cycle 
in the System and on these grounds Radhakrishna (1968) does 
not accept that the Dharwars form one System properly 
divisible into three; he also makes the valid point that 
the three-fold classification does not take into account 
the bulk of the Dharwar succession lying outside the limits 
of the former Native State.
Nautiyal (1967) retains the three-fold division, and 
includes the Champion Gneiss in the Lower Group, but he 
does not believe, and he is now supported by Radhakrishna 
(1968), that the Dharwars are older than the Peninsular 
Gneiss.
Champion Gneiss The Champion Gneiss has its type 
area on the eastern edge of the Dharwar rocks of the Kolar 
Goldfields, the easternmost Dharwar outcrops in Mysore.
It is a fine-grained very micaceous rock of greasy 
appearance and is highly sheared. The Champion Gneiss 
intrudes the schists and is associated with a conglomerate 
of possible autoclastic origin. The fact that the Gneiss 
is sufficiently crushed for it to have been once thought 
to have been a component of a ’’Conglomerat.e Series'* gives
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some indication of the difficulty of assessing its 
relationships. Pascoe (1950) suggested that the Champion 
Gneiss is a laccolith, partly on the grounds that it is 
sympathetically deformed with the schists. Nautiyal thinks 
it is a sheared quartz porphyry. The Champion Gneiss is 
cut by granite regarded as part: of the Peninsular Gneiss 
- of that locality.
Elsewhere in Mysore a variety of rocks have been 
correlated with the Champion Gneiss. As Rama Rao states 
(1962, p.113) ”... this indiscriminate extension ... led 
to some confusion ...”, but it is generally agreed that 
some such extension is acceptable, though the separation 
of the Champion Gneiss from the Dharwar System is not.
Among the supposed equivalents are the Jampalnaiankanakote
7Granite' on the plain south east of the Dharwar hills of 
Chitradurga (Rama Rao 1962); however Sampat Iyengar (1920) 
regarded it as an example of one of the three types into 
which he divided the Peninsular Gneiss.
Peninsular Gneiss This was regarded by Smeeth as 
a series of phases of a huge batholith, formed as fractions 
from differentiation. To cope with the problan of size
If this name is found rather long the reader may prefer 
the alternative name Medikerenaiankote Granite (Rama Rao 
1962), which is two letters shorter.
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Smeeth postulated growth by lateral extension. Modern 
workers prefer to believe in extensive granitization„
Rama Rao (1962) divides the Peninsular Gneiss into four; 
banded, gneisses (the oldest), granitic gneisses, gneissic 
granites and granites (the youngest). Radhakrishna (1963) 
suggests that the Peninsular Gneiss should be a separate 
System, which was older than the Dharwars but has been 
’’activated and. rejuvenated.” . Nautiyal (1967), who uses 
the term Gneissic Complex, refers to the presence of 
xenoliths and states that the gneisses have been intruded 
by allanite-bearing pegmatites.
In fact, the ’’Peninsular Gneiss” has been neglected 
and remains poorly=known.
Charnockites The charnockites are a feature more 
of Madras than of Mysore, where they are limited to the 
extreme south. (I exclude the so-called charnockite dykes 
of the Mysore geological map of 1916.) At first regarded 
as intrusives, Rama Rao (1945, 1954) believed them to be 
met amorphic. Pichamuthu (1953) comprehensively studied 
the charnockite problem and it is widely a.ccepted now that 
charnockites are of different ages; but there remains a 
persistent belief among some geologists in India that they 
are all very old. Some, following Fermor (1936) still 
believe in a major structural separation between the
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charnockite area of southern India and the non-charnockitic 
to the north of it. Radhakrishna (1963) and Narayanswamy 
(1963) for example, believed the charnockite region to be 
the oldest part of the complex on structural grounds, though 
Radhakrishna (pers. comm.) has modified his views.
Pichamuthu (1965) has adduced much convincing evidence for 
his argument that the charnockites are not structurally so 
separated, but are the culmination of the metamorphism 
which he and Rama Rao (1936) showed increases southwards 
and south-eastwards in Mysore.
Closepet Granite This is the rock known in the 
north as the Bellary Gneiss (King 1880). It is a 
predominantly coarse-grained and porphyritic (probably 
porphyroblastic) granite, only slightly foliated as a 
rule. Radhakrishna (1956) made a detailed regional study 
of a substantial part of the outcrop and divided the rocks 
into four types, regarding them as granitized Peninsular 
Gneiss. The Closepet Granite cuts across the strike of 
foliation of the Peninsular Gneiss on either side of it 
however and Pichamuthu regards it as granitized Dharwar 
material, noting the parallelism of its outcrop with the 
nearby Dharwar belt. Between the prominent domes which 
are characteristic of the outcrop, intercalations of 
older material are certainly present and contact alteration
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of these intruded older rocks is common«, Radhakrishna has 
shown that the basic intrusions in the Granite progressively 
change southwards from biotite- and hornblende-schists to 
hornblende granulites and eventually pyroxene granulites 
very like charnockites.
The boundary of the Closepet Granite has not been 
mapped in recent years over much of i ts  length and the 
outcrop may include substantial areas of rocks of other 
formations. Beyond i t  are similar granites such as those 
of Chitradurga and Hosdurga. The granite boss of Chamundi 
Hill immediately south of Mysore city, which is much further 
away, was also correlated with i t  (Pascoe 1950), as were 
many other rocks further south s t i l l ;  but the Chamundi 
correlation was disputed by Srinivasa Rao (1956) who was 
inclined to regard the Chamundi Granite as a minor magmatic 
intrusion.
Pichamuthu (1953) makes the interesting observation 
that the charnockites of the Biligirirangan Hills in 
southernmost Mysore can scarcely be distinguished from 
the Peninsular Gneiss of that district and at the same 
time appear to be the southern continuation of the Closepet 
Granite. Not only are the western limits of the 
charnockites and the Granite almost, co-linear, but 
ferruginous beds in the charnockites appear to line up
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with quartz-magnetite rocks occurring as rather more 
discontinuous bands in the Granite, Together with 
"unmistakeable bands of Peninsular Gneiss within the 
Closepet Granite", mineralogical evidence, and the 
parallelism of the Closepet Granite belt with the 
Chitradurga belt of Dharwar rocks, all this led him to 
make the tentative suggestion that the Closepet Granite 
is in fact granitized Dharwar Schists, and that the 
charnockites mapped to the south of the Closepet Granite 
are its metamorphosed equivalent. These charnockites are 
acidic and untypical, which Pichamuthu also regards 
significant.
On the other hand Nautiyal (1967) places the 
Closepet Granite above the Peninsular Gneiss and below 
the Dharwar System, as a syntectonic orogenic granite.
Dykes Several distinct suites of dykes occur.
In the Dharwars acid and basic dykes are associated with 
the meta-volcanics and are considered contemporaneous.
The next oldest appear to be dark hornblende dykes 
occurring as a swarm in the Peninsular Gneiss of the 
south; they tend to follow the foliation. Norite dykes 
occur south of Bangalore as a swarm - these are the dykes 
formerly mapped as charnockite dykes. Olivine-norite 
dykes occur in central Mysore near Channapatna. Felsite
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and feldspar porphyry dykes occur in south Mysore near 
Sriringapatnam (former Seringapatam), the former cut by 
the latter, Though previously thought to be associated 
with the Closepet Granite by Smeeth (1966), Radhakrishna 
(1956) considers them to be "post-Archaean". Granite 
prophyry dykes occur near Arsikere, and are regarded by 
Rama Rao (1962) as younger than the Peninsular Gneiss 
and perhaps of Closepet Granite age.
Dolerite dykes, very common in south India, are 
often upper Precambrian or even post-Cambrian in age, but 
several suites in the older rocks have been recorded.
These are usually shorter than the younger dykes and often 
trend east-west, Pichamut.hu (19 59) has demonstrated that 
almost all the basic dykes in the charnockite area contain 
clouded plagioclase, which is considered to be caused by 
thermal metamorphism. Those beyond the charnockite area 
have clear plagi oclases.
The various attempts at classifying the very complex 
geology of this area are shown in Table 14. It is at 
once apparent that there is plenty of scope for further 
work, particularly mapping on modern lines. This applies 
to Mysore, but especially to the northern part and to 
those parts of the region in Andhra Pradesh, which is 
thought to be largely "Peninsular Gneiss" with some
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Bellary Gneiss (Closepet Granite). Yanardan Rao (1965) 
has studied the granites around Hyderabad city, and believes 
them to be of metasomatic origin. He thinks that the 
distinction in age between pink and grey types, favoured 
by the former State Survey of Hyderabad, is mistaken.
Further work is going on in the Karimnagar District 
north-east of Hyderabad. In the type area of the Dharwars 
in Maharashtra, some studies by members of Karnatak 
University, Dharwar, are in progress.
4.5.2 Geochronology of Mysore-Hyderabad One hundred 
and two samples were collected in this region. Sixty one 
total rock and 12 mineral analyses were made.
Dharwar System
Volcanic rocks Twenty one samples were collected 
from the volcanic rocks of the Chitradurga area, of which 
nine were core from one borehole at the Ingaladahalu 
copper mine (GA 2561-2569 inc.) Of the others, three 
(GA 2556-2558) were from the central parts of lava pillows 
of probably the same geological horizon 0.5 km north of 
Kurubaramaradikere village; six (GA 2547-2552) from pillows 
0.5 km south of the village of Maradihalli and two from 
8 km south-east of Chitradurga town on the main Bangalore 
road. The final sample was from the summit of Jogimaradi 
Hill (GA 2572).
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Results are listed in Table 15.
The samples, which are almost entirely of basic lavas,
do not provide very satisfactory material for dating that
part of the Dharwar System in which they lie (itself not
a matter of unanimity among Mysore geologists; Rama Rao (1962)
places them in the Lower Dharwars, but Nautiyal (1967) in
the Middle). They are all rather poorly enriched apart
8 7 86from GA 2568, which has a present day Sr /Sr ratio of
0.8519. It is regrettable that this particular specimen
is very low in Rb and Sr (Rb 4.0 ppm, common Sr 2.6 ppm)
so that its analysis is particularly liable to errors
from contamination. This is the only individual sample
for which the data may be used to obtain an age, the
maximum indicated age being 2437 (i.e. assuming an initial
Sr^^/Sr^0 ratio of 0.700).
An isochron plot of the six analyzed samples
Ingaladahalu lavas as a whole is not satisfactory,
principally because GA 2566 and more especially GA 2567
87 86show abnormally low Sr /Sr values in relation to the 
other samples. Exclusion of these from the isochron on 
the assumption that these values are due to gross 
analytical error gives a Model I isochron with a high 
mean square of weighted deviates (using a variance of 
0.10) of 23.31 and an age of 2345 + 60 m.y. with an initial 
ratio of 0.7045 + 0.0009.
TABLE 15
Analytical data for samples of volcanic rocks from the Dharwar System
Localities: (a) Maradihalli Lavas. From crest of ridge 0.5 km south of
Maradihalli village, which is 12 km SE of Chitradurga, Mysore.
(b) Kurubaramaradikere Lavas. From 0.5 km north of Kurubaramaradikere 
village, which is 8 km S of Chitradurga.
(c) Ingaladahalu Copper Mine lavas. From bore core. Bore 10 km south 
of Chitradurga.
(d) Chitradurga-Bangalore road lavas. From 8 km south-east of 
Chitradurga, road cut exposures.
(e) Jogimardi Hill lava. From summit of Jogimardi Hill, 10 km SSW of 
Chitradurga.
GA
No.
(a) Maradihalli Lavas 
14°07'N, 76°37'E
2547 Fine grained basic lava
Total rock 10.4 230.7 0.1302 0.7064 -
2548 Fine grained basic lava
Total rock 7+ 20 7+ not analyzed
2549 Fine grained basic 1 ava
Total rock 5+ 217* not analyzed
2550 Sample lost
2551 Glassy ? rhyolite
Total rock b+ 221 + not analyzed
2552 Fine grained basic lava
Total rock 4.5 220.0 0.0587 0.7037 -
(b) 1Kurubaramaradikere Lavas
14°12'N, 76°27'E
2558 Fine grained basic 1 ava
Total rock 10.1 64.9 0.4482 0.7236 (3689)
2559 Fine grained basic lava
Total rock 9.5 56.8 0.4814 0.7219 (3204)
2560 Fine grained basic lava
Total rock 9.3 89.3 0.3020 0.7184 -
(c) Ingaladhalu Copper Mine Lavas
14°13'N, 76°28'E
2561 Fine grained basic 
at 72'1"
lava
Total rock 10.9 146.5 0.2146 0.7123 -
2562 Fine grained basic 
at 97'
lava
Total rock 12.0 153.7 0.2258 0.7128 -
2563 Fine grained basic 
at 145'4"
lava
Total rock 13+ 130+ not analyzed
2564 Fine grained basic 
at 177'1"
lava
Total rock 5+ 33+ not analyzed
Sample and type Rbppm
Common
Sr
ppm
Rb87/Sr86 0 8 7 8 6  Sr /Sr
Age at 
initial 
ratio of 
0.700 my
(Continued on next page)
TABLE 15 (continued)
GA
No. Sample and type
Rb
ppm
Common
Sr
ppm
n, 87/c 86 „ 87/c 86Rb /Sr Sr /Sr
Age at 
initial 
ratio of 
0.700 my
2565 Fine grained basic lava 
at 207'10"
Total rock 50.1 201.8 0.7163 0.7263 (2594)
2566 Fine grained basic lava 
at 238'4"
Total rock 54.0 103.8 1.5011 0.7483 (2279)
2567 Fine grained basic lava 
at 269’0"
Total rock 9.8 62.2 0.4530 0.7043 -
2568 Fine grained basic lava 
at 291 ’9"
Total rock 4.0 2.6 4.4093 0.8519 (2440)
2569 Fine grained basic lava 
at 345'9"
Total rock 11 + 202* not analyzed
(d) Chitradurga-Bangalore Road Lavas
14°14'N , 76°2 7'E
2570 Ankerite rock
Total rock 60+ 130+ not analyzed
2571 Fine-grained blue-grey 
lava
Total rock 4+ 103+ not analyzed
(e) Jogimardi Hill Lava
14°10,N, 76°23'E
2572 Basic lava, fine-grained
Total rock 10+ 9 7+ not analyzed
+ Approximate value by x-ray fluorescence 
Regressions 15, 16 
Isochron K
Isochron age 2345 + 60 my (Model I) 
Initial ratio 0.704T +_ 0.0009 
MSWD 23.31
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As on geological grounds the age of these lavas must 
be the same (or sufficiently similar for any differences 
to be quite undetectable by present radiometric techniques) 
the analyses of GA 2566 and 2567 are taken to be either 
analytically grossly in error or the samples represent 
lavas of different initial Sr8^/Sr86 ratios from the rest 
of the suite, which is perfectly possible; they are 
adjacent, to each other in the bore. It seems fair then 
to exclude them from the isochron,
The Kurubaramaradikere lavas are from what is 
probably the same geological horizon and it would therefore 
seem reasonable to group them with the Xngaladahalu lavas. 
The same problem arises, and in any case the mean square 
of weighted deviates increases significantly to 69.80. The 
indicated age is increased slightly to 2385 + 33 m.y. and 
the initial ratio of 0.7048 + 0,0003.
By selection of particular analyses - a statistically 
inelegant and probably indefensible procedure carried to 
this degree - it is possible to obtain a very small MSWD 
(0.08) for the three analyses GA 2568, 2562 and 2561; but 
by this stage the number of samples is so few that the 
range of possible ages is increased to 2354 + 182 m.y.
The initial ratio becomes 0.7052 + 0.0036.
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It is difficult to draw any satisfactory conclusion 
from these data and these exercises about the accurate age 
of the lavas. If one considers the 1 n gal. ad ah al u lavas 
alone, and excludes GA 2566 and 2567 as seems fair, then 
it must be realized that the failure of the Model I 
isochron to have a sufficiently low MSWD means that with 
the present parameters the computer programme runs it on 
to Models II and III. It recommends neither. In so far 
as samples analytically grossly in error have been excluded, 
it is necessary to accept that the slight variation in 
initial ratios between the samples, implied by Model III, 
is reasonable. If so, then the age becomes 2364 + 155 m.y., 
with an initial Sr8^/Sr86 ratio of 0.7043 + 0.0045.
It should be noted here that Holmes (1955) refers 
(p.86) to a recalculated galena age of Russell et al 
(1954) on a sample from Inguladhal, presumably from this 
same general locality, the age being 2450 + 120 m.y,
Other Dharwar material The possibility of other
samples from the Dharwar System having been analyzed is 
mentioned later in this account , under the sub-heading 
"Other samples from Mysore-Maharashtra",
Champion Gneiss Four samples of Champion Gneiss
were obtained, of which two have been processed and 
analyzed. GA 2744 was presented by the Director, Mysore
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Geological Department, and is from the 103rd level (south 
of the Main Reef) in the Kolar Gold Mine, at 2061 m below 
sea level. GA 2 745 was presented by Mr A.V. Ramchandra 
of the Geological Survey of India and collected from surface 
exposures at Tirlapalli. The results are as follows:
GA
No. Sample and type
Rb
ppm
Common 
Sr ppm
n, 87 86 c 87/e 86Rb /Sr Sr /Sr
2744 Dense grey quartziticgneiss 48.5 332.1 0.4216 0.7180
Total rock
2745 Finely foliated dense 
dark grey gneiss
Total rock 118.9 191.9 1.7881 0.7672
Of these, the first offers no indication of age as it 
is very poorly enriched. The second is also rather poorly 
enriched and its maximum indicated age is 2653 m.y. It 
could be much younger. Some further comment will be made 
later in this section.
Granites of Chitradurga area These granites are 
included here as both have at one time or another been 
regarded as equivalents of the Champion Gneiss.
Chitradurga Granite This granite forms an 
extremely rugged group of hills. Chitradurga Fort, an 
immense structure, is built over the lower group behind
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the present town. The granite is almost surrounded by 
Dharwar System rocks, which it appears to intrude. It 
was regarded by Jayaram (1925) as the equivalent of the 
Champion Gneiss (Rama Rao 1962) although Rama Rao himself 
implies that he considers it likely to be the equivalent 
of the Closepet Granite. Its outcrop does not form smooth 
domes like the latter, but is much more rugged.
Four samples of Chitradurga Granite were collected 
from an area of about 300 m square in the lowest tors 
south-west of the town. These are GA 2573-2576 inclusive. 
Two samples were analyzed (Table 16). Both are very 
well-enriched in radiogenic strontium and can stand as 
individual age determinations independent of any assessment 
of initial ratio. GA 2573 gives a maximum indicated age 
of 2450 m.y. GA 2574 gives 2540 m.y. For these two rocks 
to have the same age they would have to have a common 
initial ratio of over 1.0, which is most unlikely.
Reference to the analysis of the apparently older rock
8 7shows that there is a relatively high percentage of Rb
87 86in the strontium run, so that the calculated Sr /Sr 
ratio is too high. The younger age is preferred and the 
age of the Granite estimated at Between 2400 and 2450 m.y,
Jampalhaiankanakote Granite This granite forms 
very subdued bosses scarcely visible above the almost
TABLE 16
Analytical data for samples from the granitic rocks of the Chitradurga area
GA
No. Sample and type
Rb
ppm
Common
Sr
ppm
Rb87/St86 Sr67/Sr86
Age at 
initial 
ratio of 
0.700 my
(a) Chitradurqa Granite 
14°13'N, 76°25'E
2573 White biotite granite
Total rock 418.2 12.3 98.3373 4.1051 2449
2574 White biotite granite
Total rock 339.5 16.0 71.8431 3.2787 2537
2575 White biotite granite 
Total rock 450* 22+ not analyzed
2576 Pink granite 
Total rock 418* 19+ not analyzed
(b) Jampalnaiankanakote Granite
14°13'N, 76°32'E
2553 Pale brown granite
Total rock 129* 151* not analyzed
2554 Pale brown granite
Total rock 332* 311* total rock
2555 White biotite granite 
medium-coarse grained
Total rock 136.7 43.9 8.9749 1.0327 2619
2556 White biotite granite 
medium-coarse grained
Total rock 186* 2 7* not analyzed
2557 White biotite granite 
medium-grained
Total rock 144.1 21.2 19.5812 1.4135 2575
♦ Approximate value by x-ray fluorescence
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featureless plain of ’’Peninsular Gneiss” east of the 
Dharwar hills of Chitradurga. Rama Rao (1962) recommends 
classing this rock with the Champion Gneiss partly because 
it contains opalescent quartz which he regards as 
characteristic of that rock. Sampat Iyengar (1920) 
however believed it was an example of one of his three 
types of Peninsular Gneiss.
Five samples of the Granite were collected from an 
area of about a square kilometre (GA 2553-2557). GA 2553 
and 2554 were from exposures 0.5 km NW of the village of 
Jampalnaianakanakote; GA 2555-2557 were from a shallow 
quarry 0.2 km east of the village. The first two samples 
appeared very slightly weathered. Analysis of two of 
the other three are in Table 16.
Both analyses are of samples rich in radiogenic 
strontium and are determinations in themselves. GA 2555 
gives a maximum indicated age of 2620 m.y.; GA 2557 gives 
2575 m.y.
Peninsular Gneiss Thirteen samples of Peninsular 
Gneiss and associated rocks were collected from quarries 
in the suburbs of Bangalore and from the Lalbagh public 
gardens exposure in the city. Two of the quarries are 
adjacent to each other 11 km NE of the city centre at 
Hennur and Chickamuniappa and the rocks are for all
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practical purposes from different parts of one large 
quarry. The third quarry 8 km SW of the city shows very 
similar material. The associated rocks were a dolerite 
dyke at Hennur (not analyzed) and pegmatites. One of 
the pegmatites was stated to be of Closepet Granite type, 
by the accompanying geologists (GA 1820).
In addition two samples were obtained from exposures 
on the road to the Kolar Gold Fields, (GA 1823, 1824).
Analyses of these rocks are listed in Table 17.
The analyses form a satisfactory group for purposes 
of age determination. Dealing first with the total rock 
analyses, and excluding the sample allegedly of Closepet 
age (which as an individual analysis is adequate to stand 
as a determination) the only analysis of a well-enriched 
sample is that for GA 1822, which has a present-day ratio 
of 0.9155 (using the analysis of the unspiked aliquot) 
and a maximum indicated age of 2567 m.y. This is the rock 
from Lalbagh, which is regarded as a typical gneissic 
granite of the Peninsular Gneiss. When this is plotted 
with the three other typical rocks from the quarries,
(i.e. excluding both pegmatites associated with the 
Peninsular Gneiss and also any xenolithic material) viz.
GA 1810, 1814 and 1819, a linear relationship is found 
which gives a Model I isochron having a mean square of
TABLE 17
Analytical data for samples from the Peninsular Gneiss
GA Sample type and
No. locality
Rb
ppm
Common
Sr
ppm
Age at
Rb87/Sr86 Sr87/Sr86
0.700 my
(a) Hennur Quarry Samples 
11 km NE of Bangalore
1810 Pink gneiss. Typical 
"Peninsular Gneiss" of 
district
Total rock 
K-Feldspar
Biotite
88.0
301.4
1376*
299.4
311.5
6*
0.8477 0.7331
2.7914 0.7979,
0.7982
not analyzed
(2760)
(2480)
(2486)
1811 Biotitic xenolith in 
GA 1810 type rock
Total rock 156.5 345.0 1.3087 0.7488, 0.7490 (2644)
1812 Pegmatite, strongly 
discordant to GA 1810
Total rock 
K-f eldspar
126.7
305.7
349.8
349.9
425.6
1.0451
1.0445
2.0725
0.7390 
0,7394, 
0.7395 
0.7818, 
0.7749
(2671)
(2554)
1813 Hornblendic xenolith
Total rock 4+ 111* 0.7040* -
(b) Chickamuniappa Quarry Samples
Adjacent to Hennur Quarry
1814 Pink gneiss, typical 
"Peninsular Gneiss" of 
district
Total rock 101.2 39^.9 O.7395 0 . 7279, 0.7295
(2668)
(2818)
1815 Slightly darker semi- 
digested xenolith
Total rock 83.1 470.0 0.5104 0.7204, 0.7203, 
0.7196 (2712)
1816 Pegmatitic material in 
main gneiss
Total rock 199.4 372.8 1.5430 0.7590 (2702)
(c) Karitimahalli Quarry
8 km SW of Bangalore
1817 Dolerite dyke in gneiss 
Total rock 33* 161* not analyzed
1818 Pegmatite in gneiss
Total rock 
K-f eldspar
115.9
436.6
385.5
26.1
0.8679
48.3161
0.8946,
0.8887
2.0797 2025
1819 Pale pink gneiss typical of quarry
Total rock 132.1 204. 5 1.8639 0.7712 0.7698
(2698)
(2643)
1820 Pegmatite thought to be 
of Closepet Granite suite
Total rock 
K-feldspar
256.1
553.4
37.0
30.3
19.9468
52.6603
1.3760
2.2364
2398
2069
1821 Amphibolitic patch in 
gneiss
Total rock 152.5 166.1 2.6496 0.8014 (2072)
(Continued on next page)
TABLE 17 (Continued)
GA
No.
Sample type and 
locality
Rb
ppm
Common
Sr
ppm
Rb87/Sr86 c 87 /c 86 Sr /Sr
Age at 
initial 
ratio of 
0.700 my
(d) Lalbagh (public gardens) Bangalore
1822 Slightly foliated gneissic
granit e
Total rock 194.9 98.5 5.7048 0.9147 2658
94.8 5.9328 0.9143^ 2553
0.9155 2 566
K-f eldspar 478.1 58.6 23.5382 1.4322 2204
58.9 23.4323 1.4318 2212
Biotite 1304.5 6.9 546.1416 17.0247 2119
(e) 48 km E of Bangalore on Kolar Road
1823 Grey granite
Total rock 76+ 363+ not analyzed
(f) 52 km E of Bangalore on Kolar Road
1824 Grey granite
Total rock 209.2 216. 7 2.7846 0.8020 (2587)
+ Approximate value by x-ray fluorescence 
* Analysis of unspiked sample 
Regressions 17, 18, 19 
Isochron L
Isochron Ages: (a) Peninsular Gneiss sensu stricto of Bangalore
Age 2580 + 50 my
Initial ratio 0.7022 + 0.0013 
MSWD 1.00
(b) Peninsular Gneiss sensu lato of Bangalore
Age 2590 + 35 my
Initial ratio 0.70l3 + 0.0009 
MSWD 3.20
(c) Peninsular Gneiss of South Mysore
Age 2 58 5 + 40 my
Initial ratio 0.70l5 + 0.0011 
MSWD 3.83
(d) Peninsular Gneiss of all Mysore
Age 2585 + 30 my
Initial ratio 0.701? + 0.0008 
MSWD 3.43
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weighted deviates of lo00 using a variance of 0.10 x 10 
This gives an age of 2580 + 50 and an initial ratio of 
0.7022 + 0.0013. If the pegmatitic and xenolithic samples 
are then added, the total of eight analyses gives a Model 
I isochron with a mean square of weighted deviates of 3.20, 
and the programme recommends a Model III analysis with an 
indicated age of 2590 + 35 m.y. The initial ratio is 
slightly less at 0.7016 + 0.0009. The MSWD at 4,10 is 
significantly greater than 1.00 for the number of samples 
added and the Model III version is preferred, in that 
some slight differences of initial ratio which it implies 
are certainly likely with such a suite of samples.
Further comment will be made later, in dealing with 
rocks of this age generally in southern India, but it is 
evident at this stage that the Peninsular Gneiss of the 
Bangalore area can be accepted to have an "age" - which 
I shall assume here to be the upper limit to the time of 
its metamorphism ~ of 2590 + 40 m.y.
It is proposed in the later comment to mention the 
extension geographically of areas from which sample 
analyses can be grouped for isochronic treatment. This 
extension will be demonstrated in steps. The first step 
is the inclusion of a Mysore rock, the only other sample 
of ’’Peninsular Gneiss” from the south Mysore which has so
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far been analyzed. This is GA 1824, a grey granite from 
the outcrop 52 km east of Bangalore; in other words, 
beyond the general, range of geographical distribution 
of the samples for the Bangalore suburban area, but 
within the same region. The addition of this analysis 
to the other ten increases the mean square of weighted 
deviates from 3.20 to 3.83 (not a statistically significant 
increase, however) and gives a Model III age of 2585 + 40 
m.y., with an initial ratio of 0.7016 + 0.0011.
The next step is inclusion of the Jampalnaiankanakote 
Granite analyses (GA 2557, 2555) from further north. These 
lead to a statistically insignificant decrease in MSWD, 
which becomes 3c43. The Model IV age becomes 2585 + 30 m.y.
The above remarks refer only to the total rock 
analyses. There remain several K=feldspar analyses and 
one biotite analysis.
Four K-feld spar analyses have been done on the 
Peninsular Gneiss samples and one also on GA 1820 which 
is the pegmatite thought to be of Closepet age. These 
are on GA 1810, GA 1812, GA 1818 and GA 1822. The biotite 
analysis was done on the last sample, GA 1822,
Of these, the analyses of the K-feldspars of GA 1810 
and GA 1822, both ?ttypical'* Peninsular Gneiss, give 
indicated maximum ages which are of the order of 300 m.y.
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less than the maximum indicated ages for the total rocks 
of the same samples. The difference for the pegmatite 
GA 1812 is rather less, but the K-feldspar still appears 
120 m.y. younger. However, as the isochron age for the 
eight total rock samples is 2547 + 45 m.y. the difference 
for this pegmatite becomes nil and that for GA 1810 very 
small. It remains high for GA 1822.
Sample GA 1818 is peculiar in that the total rock
87 86analysis gave a present day Sr /Sr ratio of 0.8946 
(calculated) and 0.8914 (from an unspiked sample) yet with
0 ?  O  Athe Rb /Sr of 0.8679 its age is impossibly high unless 
the initial ratio is improbably high too. The measured 
Rb content by mass-spectrometry is 11.5.9 ppm which does 
not differ much from the approximate value obtained by 
x-ray fluorescence (136 ppm) but the measured common Sr 
gave a much higher result by x-ray fluorescence and I 
consider this analysis unreliable. The same is from 
a pegmatite, with all the potential problems of sampling 
that rock-type for total rock analysis. The K-feldspar 
of this sample gives a maximum indicated age of 2025 m.y. 
and it may be noted that a similar age is given by the 
GA 1820 K-feldspar, i.e. the Closepet pegmatite.
The age of the biotite of GA 1822 appears to be 
the same as that of the K-feldspar, both being much
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younger than the total rock, by about 250 m.y. The 
significance of this I do not understand. It should be 
added though that the biotite age of 2100 m.y. or so is 
the same as total rock ages for other rocks in other parts 
of South India and Ceylon, as will be mentioned later,
Charnockites None of the Mysore charnockit.es 
were sampled, and details of other charnockite analyses 
will be given in the next section. One rock of 
charnockitic type associated with the Hyderabad city 
granites will be dealt with below.
Closepet Granite In addition to the pegmatite of 
Closepet age sampled with the Peninsular Gneiss at 
Karitimahalli quarry near Bangalore, ten samples of 
Closepet Granite were collected or presented which were 
from the outcrop as shown on the Mysore map of 1916.
The analyses for nine of these are given in Table 18.
Seven total rock and two K-feldspar analyses were made, 
and one of a biotite.
Considering first the total rock analyses only, 
the seven available form a poor group for assessment of 
the age of the Granite, as their range of present-day 
Sr8^/Sr8  ^values is only from 0.7480 (GA 2546) to 0.7169 
(GA 1837). When regressed these seven run to a Model 
IV isochron, and the Model I has a high mean square of
TABLE 18
Analytical data for samples from the Closepet Granite
GA 
No. Sample locality and type
Rb
ppm
Common
Sr
ppm Rb87/Sr86 Sr87/Sr86
Age at initial 
ratio of 
0.700 my
1834 Tabular feldspar granite 
1.5 km S of Thippegondanahalli
Total rock 
K-f eldspar
142 0 
234
503 1 
539
0.8147 0.7300
not analyzed
(2605)
1835 Porphyritic pink granite 
1 km S of Wardanahalli
Total rock 
K-feldspar
95 3 
218
528 2 
603
0.5207 0.7215
not analyzed
(2912)
1836 Non-porphyritic pink 
granite, 1 km S of 
Wardanahalli
Total rock 110.0 476.0 0,6728 0.7276 (2892)
1837 Migmatitic granite 45 
km west of Bangalore 
on Mysore road
Total rock 103.6 842.8 0.3546 0. 7169 -
1838 Biotitic migmatitic 
granite, 45 km west of 
Bangalore on Mysore road
478 +Biotite +6 not analyzed
2546 Pink porphyritic granite 
Billanakote
13°12'N, 77°18'E 
Total rock 131.1 312.1 1.2218 0.7480 (2796)
2741 Coarse grained grey 
granite 3 km 305° N 
of Closepet
Biotite 595.1 9.3 184.9303 7.0496 2434
2742 Pink porphyritic granite 3 km 35 N of Closepet
Total rock 101.5 726.1 0.4034 0. 7185 -
2 743 Fine grained pink to grey 
granite. 5 km 20° N of 
Closepet
Total rock 84.3 418.7 0.5811 0. 7272 -
2746 Pink granite Ramanagaram
Total rock not processed
+ Approximate value by x-ray fluorescence 
Regressions 21, 22 
Isochron M
Isochron age (with GA 1820) 2380 + 35 my (Model III)
Initial ratio 0.705Ö + 0.0016
MSWD 27.28 "
O 2
o o
yv
0.7
'
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weighted deviates, 28„32, The Model IV age is 2560 + 410 
m.y» with an initial ratio of 0.7036 + 0,0027» This is a 
high range of possible ages and valueless for any 
comparison with the Peninsular Gneiss, If however the 
Closepet pegmatite from Karitimahalli is added to the 
seven, the high enrichment in radiogenic strontium of 
that sample very much improves the range, the indicated 
age is 2380 + 35 m.y. The initial ratio is then 0,7050 
+ 0.0016; the mean square of weighted deviates remains 
high at 27.28. This is a Model III isochron.
This age of 2380 + 35 m.y, for the Closepet suite 
inclusive of GA 1820 I accept somewhat reluctantly 
because of that inclusion. The age is then about 200 
m.y. younger than that of the Peninsular Gneiss.
Although this agrees with the geology as interpreted 
by the majority of Mysore geologists, it should be noted 
that the Closepet Granite appears at first sight to be 
radiometrically dated as very slightly older than the 
Dharwar lavas of Ingaladahalu. However, the range of 
possible ages of the latter is such as to permit them 
being in fact older than the Granite. The majority 
opinion in Mysore would certainly regard them as such, 
but Nautiyal (1967) believes that the Closepet Granite 
has an age intermediate between that of the lavas and 
the Peninsular Gneiss.
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A suite of samples from a Granite which it is widely 
accepted not to be one body but known to contains areas 
of undigested country rock is likely even in its 
definitely granitic parts, such as the domes and tors 
from which the samples were collected, to contain material 
of different initial ratios, as some contamination of any 
magma is almost certain to have occurred. This would 
vary from place to place. The samples therefore can 
fairly be said not to form a single population. It is 
hardly possible to select those that might do so. It may 
be observed that the analyses for GA 2546, 1836 and 1835 
have a good linear relationship. GA 1835 and 1836 are from 
the same locality at Wardanhalli, 32 km west of Bangalore 
on the easternmost part of the mapped outcrop of the 
Granite, where it is crossed by the Magadi road. GA 2546 
was collected from a precisely similar locality relative 
to the eastern boundary of the outcrop, 39 km north-west 
of Bangalore on the Tumkur road. These points are 
admittedly 25 km apart but the Granite does tend to 
form north-south bodies and these three samples might 
well be from one large body, Whether they should even 
then be regarded as one population depends on the lack 
of any difference between them in initial ratio, of 
which nothing is known. But in fact regression of the
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three gives an excellent fit to the isochron, a Model I
with a mean square of weighted, deviates of only 0.37.
Unfortunately the very limited range of present day 
87 86Sr /Sr values, and the fact that there are three 
samples only, makes the range of possible ages very 
high indeed, the indicated age being 2700 + 660 m.y.
Short of extra work to separate some minerals from any 
one of these samples, to pin down the isochron at one 
end or the other, it is necessary to retain the Model 
III age for the eight samples.
The biotite analysis for GA 2741 gives an age of 
2430 m.y. at initial ratio of 0.700, and would be changed 
negligibly by any increase in that ratio. This age, 
almost the same as that given by the total rock analyses, 
is of great interest. Firstly, it suggests that the 
age of emplacement is correct at about 2400 m.y.
Secondly, as biotites very readily display the effects 
of later metamorphism, the lack of any meaningful 
difference between the biotite age and the total rock 
isochron age implies that at least that part of the 
Closepet Granite from which GA 2741 has been collected 
has not suffered metamorphism subsequent to its 
emplacement - unless such metamorphism took place so 
soon after that it is radiometrically undetectable. If
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this is typical, then the Closepet Granite is a post- 
orogenic granite. The consequences of this are important 
in view of Pichamuthuvs suggestion that the southern 
extension of the Closepet Granite has been metamorphosed 
to charnockite. If it has, one might expect to find 
some effects of this in samples taken south of the 
GA 2741 locality, nearer the charnockite outcrop. The 
age of the metamorphism would also have to be less than 
the age of the Closepet Granite, which, it will be seen 
later, implies that it would be a different metamorphism 
in time from that which has affected charnockites in 
other parts of south India.
A further point is that the age of the Closepet 
Granite relative to the Dharwar lavas, unresolved by my 
dating, is perhaps nearer solution. If the Closepet 
Granite is older than the Dharwar lavas, Nautiyal’s 
suggestion that it is synorogenic has to be accepted.
His interpretation necessarily implies post-emplacement 
orogenic activity which would surely have afffected any 
biotite in the Granite. The absence of such effects 
suggests that the Granite post-dates the Dharwar lavas.
Here it is necessary to mention again the biotite 
of GA 1822, the Lalbagh sample of ,4typical!t Peninsular 
Gneiss. This biotite gives an age of 2119 m.y. (at
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0.700). One might have expected the biotite of the 
Peninsular Gneiss at Bangalore to have reflected the 
Closepet Granite intrusive event, and to have given an 
age of about 2380 m.y. The age of 2100 m.y. approximately 
is that of younger intrusives which are known to exist 
in the Godavari Valley of Andhra Pradesh (GA 2602), in 
Kerala (GA 2542, 2543) and in Ceylon. As these are 
very widespread geographically it seems possible that 
a more detailed examination of Mysore could result in 
the discovery of 2100 m.y.-old granites there, or at 
least some confirming evidence of a metamorphic event at 
about that time in the mineral ages from the older rocks. 
It may perhaps be the age of one particular dyke swarm.
Chamundi Hill Granite Four samples of the granite 
forming the isolated mass of Chamundi Hill, 3 km south 
of Mysore city, were collected. The hill rises to about 
300 m and the samples were collected at different levels 
from the side of the road which circles the hill to 
reach the summit. The results for these samples GA 1843- 
1846 inclusive are listed in Table 19 .
The total rock analyses plot to give an excellent 
Model I isochron, with a mean square of weighted deviates 
of only 0.14 (using a variance of 0.10). The indicated 
age is 790 + 60 m.y. with an initial ratio of 0.7050 +
TABLE 19
Analytical data for samples of Chamundi Hill Granite
Locality: Chamundi Hill, 3 km south
Mysor e
of Mysore city ,
GA
No.
Sample and 
Type
Rb
ppm
Common 
Sr ppm
n, 87 /e 86 Rb /Sr 1 Sr87/Sr86
1843 Coarse grained 
pink and grey 
granite
Total rock 
K-f eldspar
133.7
301.0
473.9
361.7
0.8142
2.4013
0.7139 ^ 
0.7141 
0.7293
1844 Coarse grained 
pink and grey 
granite
Total rock 144.2 216.3 1.9235 0.7263
1845 Coarse grained 
pink and grey 
granite
Total rock 102.3 731.2 0.4037 0.7094
1846 Coarse grained 
pink and grey 
granite
Total rock 133.7 144.6 2.6666 0.7341 
0.7344
* Analysis of 
Regression 23 
Isochron -P- N
unspiked sample
Isochron age 
Initial ratio 
MSWD
790 + 60 
o .7o 5o + 
0.14
my (Model I) 
0.0013
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from which peaks rise to 2400 m. These hills are 
separated from the similar Anaimalai Hills by the Palghat 
Gap, through which Kerala communicates with Tamizhagam.
The Anaimalais with the highest peak in the Peninsula 
(2693 m) merge into the Palni Hills and the Cardomom Hills, 
the latter extending south as ridges to Cape Comorin at 
the southern tip of India. South Kerala is nothing more 
than the dissected western slopes of these hills and a 
narrow lagoonai zone beyond. The Tamizhagam boundary 
crudely follows the watershed. Eastwards there extends 
a lowland which drains south-eastwards, uch of it into the 
Cauvery River system. On this lowland there are numerous 
hill masses which often rise abruptly - the Shevaroy 
Hills near Salem, the Javadi Hills of North Arcot District, 
and in the south ridges beyind Madurai which connect 
with the Cardamoms. All these are perhaps relics of a 
former extension of the Mysore Plateau but are rather 
higher than the nearest parts of it. The very steep 
sides of many of them suggest faulting, but from personal 
observation the main ridge behind Madurai is a fault-line, 
and not a fault, scarp.
The geological sequence is poorly known, and no 
connected account of the whole appears to exist. Most of 
the mapping took place over sixty years ago, and much of
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it was done when the petrological microscope was not in 
use as a necessary ancillary. There has been a good deal 
of remapping but no significant publication of it.
The region is crossed by the boundary Fermor (1936) 
drew between his major divisions, the charnockitic and 
the non-charnockitic; most of it being in the charnockitic 
division.
Charnockites The main rock type of the Nilgiri, 
Anaimalai, Palni and Shevaroy Hills of Tamizhagam and the 
Cardamom Hills of Kerala is a granular green hypersthene 
rock first named the Nilgiri Gneiss. Holland described 
similar rocks from Salem in 1891 and shortly afterwards 
named this rock type charnockite, as it was discovered 
that the tombstone of Job Charnock, the founder of 
Calcutta, was made of it (Holland 1893). The source of 
the stone was St Thomas’ Mount, immediately south of Madras. 
Holland (1900) published a memoir on the Charnockite Series, 
using the term to denote rocks invariably characterised by 
hypersthene and similar in colour and granular texture, 
but ranging in composition from acid to ultrabasic.
Holland regarded all these as genetically related, and to 
be the differentiated phases of a single plutonic intrusion. 
This was accepted by the Mysore geologists in respect of 
similar rocks in Mysore along the boundary with
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Tamizhagam. Jayaram indeed extended Holland.5 s ’’series'3 to 
include the peridotites and dunites and quartz magnetite 
granulites of southern Mysore. In the south-east the 
charnockites were believed to have intruded the Peninsular 
Gneiss and therefore to be younger. Vredenburgh (1918) 
suggested that the charnockites and the khondalites 
(sillimanite gneisses) of the Eastern Ghats could 
represent intensely metamorphose Dharwar rocks, but his 
views were never generally accepted and in particular 
were disputed by Sampat Iyengar (1920), principally because 
of the supposed difference in age. Rama Rao (1927) noted 
that in the Maddur-Malvalli area of Mysore the basic 
charnockites were older than the Peninsular Gneiss and 
that the granitization of them by the Gneiss had produced 
intermediate and acid types. In the Biligirirangan Hills 
further mapping (Rama Rao 1940) showed that there was 
interbanding of Gneiss and charnockite, and that hypersthene 
occurred in gneissic granite as xenocrysts. In the south 
of Mysore both hypersthene granulite and hornblende occur 
as lenticles in granitic gneiss.
Pichamuthu (1953) reviewed the whole problem and all 
previous work. He maintained that although the 
charnockites are not always associated with granulite 
facies rocks, the observed intrusive relationship is often
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due to palingenetic fusion, charnockites having been formed 
by regional metamorphism of dykes, Dharwars and Peninsular 
Gneiss, with the Closepet Granite playing no part' except 
in so far as it itself became charnockitized. Pichamuthu 
(1965) has adduced yet more evidence for this belief, and 
mentions the existence in the charnockitic area of two 
types, one granulitic or gneissic and resembling 
Peninsular Gneiss; and the other coarse-grained with 
granitic or pegmatitic texture, and intrusive in habit,
He thinks that the two types were formed during two 
periods of metamorphism; the first by an early regional 
and thermal metamorphism, and the second by rheomorphism 
much later.
Howie (1955) studied the geochemistry of the 
charnockites of the type area at Madras. He regards these 
particular charnockites as a plutonic igneous rock series 
recrystallized in the solid state by plutonic metamorphism. 
Subramanian (1959) redefined the terms charnockite and 
charnockite series. He regards the ’’acid'' division of 
Holland as a metamorphosed igneous rock suite, somewhat 
changed mineralogically; the nbasic’5 as quite unrelated 
pyroxene granulites; and the norites as syntectonic lenses 
equally unrelated. The ^intermediate55 division he regards 
as hybrids derived from interaction of charnockite magma
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on basement pyroxene granulites.
Rama Rao, who worked on what many regard as non­
typical charnockites, believed that the intense thermal 
metamorphism associated with high pressures changed older 
sediments into acid, intermediate and basic charnockites 
of a fine-grained equigranular type. Basic and ultrabasic 
charnockites were formed by the metamorphism of dykes and 
sills intruded into those older sediments, and some 
intermediate types were derived in this way also. But other 
acid and intermediate types were the result of alkaline 
fluids associated with later granitic injections reacting 
with basic charnockites produced initially in either of 
the preceding ways.
The subject remains controversial. But there is 
little doubt that many if not all the charnockites are the 
product of both high pressure and high temperature acting 
simultaneously. They seem likely to be of varying ages.
Other rocks East of Coimbatore granitic gneisses 
and migmatites are common but are poorly exposed. These 
would normally be attributed to the ’’Peninsular Gneiss”. 
Further east at Sivamallai soda-syenites form a group of 
low hills in that Gneiss (Holland 1901, Subramaniam 1950) 
and other, corundum-rich rocks are common in the region.
143
East of Salem in the central part of the region is 
a schist belt rich in iron ores and surrounded by 
charnockites. This has been correlated with the Dharwars, 
Other schists are known in South Arcot District,
Ultrabasic rocks, much altered to magnesite, occur north 
of Salem.
In the far south, in Madurai District, A.P.
Subramaniam has established the following succession in 
the Dindigul and Kannivadi areas (quoted in Krishnan,
1958):
Diabase dykes
Pink granites and pegmatites
Hypersthene granites (recrystallized); charnockite
Migmatized sediments
Metased.imentary group with included layers of 
igneous rocks, mostly high grade garnetiferous and sillimanite gneisses and granulites, with 
gabbros
The granites are mostly in the eastern part.
Partly in the Madurai District but also in the 
Tiruchirapalli (former Trichinopoly) Districts is the 
funnel-shaped anorthosite-gabbro mass of Kad.avur (10°36'N, 
78°11’E), emplaced in metasediments.
In the Ramnathapuram District biotite and hornblende 
gneisses occur with intrusive pink and sometimes tourmaline­
bearing granites.
1J4
Young granites, like most of these correlated with 
the Closepet Granite of Mysore, occur also in North 
Arcot District and near Salem.
Most of this region is regarded by many geologists 
as a continuation of the "Eastern Ghats Belt”, with a 
"regional strike" more or less parallel to the east 
coast. In South Kerala and. as far east as Madurai this 
is not evident, and the foliation is north-northwesterly.
Because of the early results from geochronological 
work on the rare earth beach sands of Kerala (former 
Travancore), which gave "young" Precambrian ages, there 
has been a tendency to separate off the southern tip of 
India from about Lat. 8° or 9° as a much younger 
geological province than that part to the north. There 
is little real geological evidence for this on record, 
apart from the existence of two generations of pegmatites 
(Gupta and Chatterjee 1936). There is however, as will 
be shown, accumulating evidence of the existence of 
scattered bodies of upper Precambrian age throughout both 
the Tamizhagam-Kerala and the Mysore-Hyd.erabad. regions. 
4.6.2 Geochronology of Tamizhagam
General Thirty eight samples were collected 
from this region. Twenty four total rock and three 
mineral analyses were made.
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The results are best discussed sub-regionally under 
the headings (a) Nilgiri Hills rocks (b) Madras 
charnockites (c) Sivamallai soda-syenites (d) Other 
Tamizhagam rocks (e) Kerala rocks.
Nilgiri Hills rocks Between Mysore city and 
Coimbatore ten samples were collected on a traverse in 
1965 across the Nilgiri Hills (GA 1847-1856 inclusive).
GA 1847 is a grey gneiss from the northern foot of the 
Nilgiris at Band.ipur (strictly, in southern Mysore). The 
rest of the samples were collected at high levels in 
the Nilgiri Hills proper and are mostly charnockites. 
Results are listed in Table -22.
The samples do not provide much information about 
the age of the rocks. The charnockites are very poorly 
to moderately enriched. GA 1847 is moderately enriched 
(present-day ratio 0.8279) and its maximum indicated 
age is 2670 m.y. It appears to be slightly older than 
the Peninsular Gneiss of Bangalore area and does not fit 
that isochron satisfactorily, but it appears also to be 
considerably younger than the two rocks GA 1831 and 
GA 1840. Of these rocks I regard GA 1850 and GA 1851 
as definitely older than the rest and have regressed 
them with other old rocks from Kerala and Mysore. The 
other four regress reasonably well to an age of 2615 + 80
TABLE 23
Analytical data for samples of rocks from the Nilgiri Hills
GA
No.
Sample, locality 
and type
Rb
ppm
Common
Sr
ppm
Rb87/Sr86 Sr87/Sr86
Age at 
initial 
ratio of 
0.700 my
1B47 Grey gneiss Bandipur 
sanctuary entrance
Total rock 
K-feldspar
139.2
349+
119.0
164+
3.3742 0.8279#
0.8277
not analyzed
(2673)
1848 Intermediate charnockite 
At about 1500 m a.s.l. 
on Bandipur-Ootacamund 
road
Total rock Nil + 265+ not analyzed
1849 Intermediate-acid 
charnockite containing 
coarse blue quartz 
Dodabetta Peak (2500 m)
Total rock Nil + 180'*’ not analyzed
1850 Garnetiferous intermediate 
charnockite 8 km from 
Ootacamund on Kotagiri 
road
Total rock 67.5 299.5 0.6507 0.7289 (3127)
1851 Garnetiferous feldspar 
gneiss 12,8 km from 
Ootacamund on Kotagiri 
road
Total rock 
K-f eldspar
82.6
82 1 
183
169.1
170 5 
246
1.4098 0.8563
0.7561
1.3894 0.7562
not analyzed
(2807)
(2853)
1852 Intermediate-acid 
charnockite, medium­
grained 14.5 km from 
Ootacamund on Kotagiri 
road
Total rock 21.8 178.0 0.3535 0.7161 (3204)
1853 Ditto, coarse-grained
Total rock 73.2 285.8 0.7391 0.7291 (2777)
1854 Acid charnockite 32 km 
west of Ootacamund
Total rock 34+ 250* not analyzed
1855 Coarse-grained charnockite, 
same locality as 1854
Total rock 44.3 190.1 0.6721 0.7174 (1842)
1856 Charnockite. Wellington, 
12.8 km east of Ootacamund
Total rock 61.9 237.0 0.7538 0.7297 (2779)
+ Approximate value by x-ray fluorescence
* Analysis of unspiked sample 
Regression 28 
Isochron Q
Isochron Age (GA 1847, 1852, 1853, 1856) 
Age 2615 + 80 my (Model I)
Initial ratio 0.702? + 0.0012
MSWD 5.04
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m.y. (Model I, with MSWD 5,04) and initial ratio of 
0.7023 + 0.0012. It would be unwise to draw very definite 
conclusions from any isochron of this quality, and it is 
necessary to analyse more samples before stating that the 
charnockitic rocks of the Nilgiris are undoubtedly older, 
if only slightly older, than the Peninsular Gneiss of 
Bangalore.
Madras charnockites The charnockites of the type 
area near Madras were sampled at both Pallavaram and St 
Thomas’ Mount. Eight samples were collected.
Six total rock analyses were made (Table 2/f-) .
The samples vary in present-day ratio sufficiently 
to give a good range for plotting an isochron. As 
individuals, only GA 1874 is well-enriched. This is a 
specimen of the classic acid charnockite of St Thomas’ 
Mount, with a present-day Sr^^/Sr^^ ratio of 0.9182 and 
a maximum indicated age of 2650 m.y. at initial ratio 
0.700. With such a present-day ratio it is not however 
possible to certainly say that its age exceeds 2550 m.y. 
(i.e. the approximate age of the Peninsular Gneiss of 
Bangalore). Whether it is a magmatic rock later 
metamorphosed, or a metamorphic rock possibly derived 
from volcanic rocks or sediments or some mixture of them, 
it is unlikely that its initial ratio would be 0.700 and
TABLE 24
Analytical data for samples f rom charnockitic rocks of the Madras area
GA 
No.
Sample, locality 
and type
Rb
ppm
Common
Sr
ppm
™  87/0 86 Rb /Sr Sr87/Sr86
Age at 
initial 
ratio of 
0.700 my
(a) Pallavaram
1867 Acid charnockite 
N side saddle
Total rock 44.2 140.9 0.9051 0.7412 (3200)
1868 Acid charnockite 
Port Trust Quarry
Total rock 107.3 99.7 3.1046 0.8190 (2706)
1869 Coarse grained vein 
in GA 1868
Total rock 201.5 237.1 2.4519 0.7904 (2603)
1870 Int ermediate-basic 
charnockite Port 
Trust Quarry
Total rock 11.4 189.0 0.1742 0. 7105
1871 Leptynite 
Total rock 98.7 79.4
79.4
3.5838 
3.5869
0.8356
0.8358
(2673)
(2673)
(b) St. Thomas' Mount
1872 Basic charnockite 
Magazine Quarry
Total rock 3+ 1 48+ not analyzed
1873 Basic charnockite 
St. Thomas' Mount 
proper
Total rock 4+ 182 + not analyzed
1874 Acid charnockite 
St. Thomas' Mount 
proper
Total rock 127.2 63.1 5.8134 0.9182 (2650)
+ Approximate value by x-ray fluorescence 
Regressions 29, 30, 31 
Isochron R
Isochron age 2580 + 90 my (Model III) 
Initial ratio 0.7055 + 0.0040
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it could be substantially higher, With an initial ratio of 
0.703 the age would be 2615 m.y., and at 0.710, 2530 m.y,
Grouping of the acid charnockites only (GA 1867,
1868 and 1874) gives an unsatisfactory answer. The MSWD 
is 3.33 and the Model I age can scarcely be accepted. Its 
range with three samples only is in any case high (2534 + 
187 m.y.). Regression of all the samples gives a MSWD 
of 35.49. This is reduced to 22.51 if GA 1869 is excluded, 
and that is probably fair on the grounds that it is an
Fobviously younger vein. The age is then 2580 + 90 m.y., 
and is a Model III isochron, with initial ratio of 0.7056 
+ 0.0040.
This is insufficiently accurate to permit recognition 
of any real difference from the age of the Peninsular 
Gneiss of Bangalore, and in fact the Madras charnockites 
in this restricted sense fit very well the isochron for 
the Peninsular Gneiss of Bangalore and Hyderabad- 
Karimnagar. It is not possible, with present radiometric 
techniques and from total rock analyses of the samples 
available,to distinguish any difference in age between 
the charnockites and the non-charnockitic gneisses.
Sivamallai soda-syenites Three samples of these
29rocks were collected and have been analyzed (Table -24-) .
The results show that the samples are very poorly enriched
TABLE 25
Analytical data for samples from the Sivamallai soda-syenites
Locality: Sivamallai, Coimbatore District , Tamizhagam (at 11°03'N, 77°36 ’E)
GA
No. Sample and type
Rb
ppm
Common
Sr
ppm
Rb87/Sr86 c 8 7/c 86 Sr /Sr
Age at 
initial 
ratio oJ 
0.700 mj
1863 Migmatitic rock
Total rock 
K-feldspar
79.0
72
453 1 
612
0.5029 0.7081
not analyzed
-
1864 Mottled black and white 
gneiss with nepheline
Total rock 37.6 159.0 0.6826 0.7104 -
1865 Feldspar biotite 
gneiss
Total rock 
K-f eldspar 
Biotite
36.3
31.4 
273.9
1197.2 
1323.8 
11.3
0.0874
0.0684
69.8899
0.7020
0.7033
1.2055 522
+ Approximate value by x-ray fluorescence 
Regressions 32, 33 
Isochron S
Isochron age 1020 + 670 my (Model I)
Initial ratio 0.7008 + 0.0046
MSWD 0.20
K
Ö 0.
70
'
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and scarcely any information can be gathered about their 
age except that it seems likely to be less than 1100 m.y. 
and could be as low as 700 m.y. Regression of the three 
total rock analyses does however give an excellent fit 
with a MSWD of 0.20, The lack of an adequate number of 
samples however makes the age range particularly high 
with such a small range of present-day ratios (1020 +
670 m.y.) and the initial ratio is necessarily also 
ranging within wide limits (0,7008 + 0.0046). Addition 
of the K-feldspar analysis unfortunately spoils the fit 
and offers no help (MSWD 6.13).
The biotite of GA 1865 gives a maximum indicated 
age of 518 m.y. and is likely to be 500=520 m.y. old.
This is the youngest age for any mineral so far found in 
Peninsular India by me, other than that for GA 1857 
biotite which is similar (see below) and comes from the 
same general area. These mineral ages are very significant, 
as will be mentioned shortly.
Tamizhagam rocks Various samples collected mainly 
between Coimbatore and Sivamallai have been in part 
analyzed (Table 26).
Of the three total rock analyses that for GA 1859A, 
a migmatitic gneiss, is poorly enriched and gives a not 
very reliable maximum indicated age of 2180 m.y. The
TABLE 26
Analytical data for samples GA 1857 - 1861 and sample GA 1741
GA 
No.
Sample, locality 
and type
Rb
ppm
Common
Sr
ppm
Age at
D, 87,_ 86 c 87,- 86 initialRb /Sr Sr /Sr ratio Qf
0.700 my
(a) Sulur Quarry, 19 km east of Coimbatore on Turuchirapalli road
1857 Quartz biotite gneiss
Total rock 
Biotite
3*
117.7
283+
15.6
not analyzed
21.7282 0.8605 (533)
1858 Biotite quartz vein 
in GA 1857 rock
Biotite 340+ 7* not analyzed
(b) Perumpallakuttay Quarry, 33,5 km east of Coimbatore on Turuchirapalli road
1859A Migmatitic gneiss
Total rock 79.8 286.1 
285. 7 
285.9
0.8050 0.7240 ) (2111) 
0.8062 0.7248 )* (2181) 
0.8057 0.7248 ) (2179)
1859B Pegmatite in 1859A rock
Total rock 91.5 100.0 2.6394 0.7900 (2413)
1860 Migmatitic gneiss
53+ 383 +Total rock not analyzed
1861 Intergrowth of quartz and 
K-feldspar in vein
K-feldspar 184* 483 + not analyzed
(c) Kadalakatupudur, 65.5 km east 
Well-dump material.
of Coimbatore on Tiruchirapalli road.
1862 Migmatite
Total rock 
K-feldspar 72*
923*
624
not analyzed 
not analyzed
(d) Ramnathapuram District
1741 Tourmaline granite
Total rock 215.0 7.5 82.5566 1.5351 723
+ Approximate value by x-ray fluorescence 
* Three separate Sr runs on sample from one aliquot
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pegmatite which intrudes it however, which is rather more 
enriched, gives a maximum age of 2410 m.y0, suggesting 
that the pegmatite (at least) ought to be assumed to have 
a high initial ratio of the order of 0o710 or more. It 
is possible if that is the case for these samples to have 
a true age of approximately 2100 m,y, and that they should 
be compared with GA 2542 and GA 2543 from Kerala (see below).
The biotite from GA 1857, a quartz-biotite-gneiss, 
gives a maximum indicated age of 530 m.y. and its age is 
evidently of the saune order as that of the biotite of 
GA 1865, a feldspar biotite gneiss from Sivamallai. The 
significance of these very young biotite ages is that they 
are paralleled very widely in Ceylon, where all biotites 
examined have ages of this order or of about 700 m.y. It 
is therefore evident that the widespread event which 
appears to have affected a great deal of Ceylon also affected 
India at least as far north as the latitude of Coimbatore 
(11°N approximately). The effects of this event are so 
far undetected in Mysore.
GA 1741 is a tourmaline granite known to come from 
the Ramnathampuram District of Madras in the vicinity of 
the town of that name. It is therefore of all my samples 
that nearest Ceylon. It is well “-enriched and its maximum 
indicated age of 720 m.y. may be very near its true age,
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which is certainly of the order of 680-720 m.y. Although 
i t  may be slightly younger than the Chamundi Hill Granite 
of Mysore, the age of the two could be the same, as the 
range of possible ages of the Chamundi Hill suite would 
accept GA 1741.
Kerala rocks As Kerala was not visited in 1965 
I made a particular effort in 1967 to collect few samples 
from that State in an attempt by analysing them to verify 
or deny the apparently well-established belief that the 
rocks there are of upper Precambrian age.
Ten samples were collected in a day's traverse 
centrally north through Kerala from Trivandrum to Cochin, 
most of them necessarily in the southern half of the 
journey between Trivandrum and Chengannur. These have 
been partly analyzed (Table -££■).
The four total rock analyses are of great interest, 
as none gives any indication of upper Precambrian age, 
nor of "Peninsular Gneiss" age; rather, they show 
evidence of rocks both older and younger than the 
Peninsular Gneiss.
GA 2538 and GA 2539 appear to be older than the 
Peninsular Gneiss. GA 2538, a garnet-sillimanite gneiss, 
has a present-day ratio of 0.7876 and a maximum indicated 
age of 3070 m.y. GA 2539, a charnockite from a few
TABLE 27
Analytical data for samples from Kerala
GA
No.
Sample, locality and 
type
Rb
ppm
Common
Sr
ppm
8 7/c 86 c 87,_ 86Rb /Sr Sr /Sr
2536 Garnet biotite gneiss 
Panayara Quarry 8 km 
N of Trivandrum
Total rock 73+ 318 + not analyzed
2537 Pegmatite in GA 2536 
rock
Biotite 12 56+ 37+ not analyzed
2538 Garnet sillimanite 
gneiss 1 km south 
of Pandapillavu 
on main centre road
Total rock 13 5.2 194.2 2.0090 0.7876 (3070)
2539 Charnockite Kilayikonam 
Quarry, 31 km N of 
Trivandrum
Total rock 246.6 149.0 4.7746 0.8884 (2779)
2540 Charnockite same 
locality as GA 2539
Total rock 
Biotite
189*
911 13ll12
not analyzed 
not analyzed
2541 Calc-silicate granulite 
Chatayamangalam
49 7+Total rock not analyzed
2542 Charnockite Ayoor river 
bridge
Total rock 293.9 139.8 6.0652 0.8846 (2157)
2543 Garnet biotite gneiss 
Same locality as GA 2542 
(rocks grade into each 
othe r)
Total rock 301.8 143.3 6.0741 0.8867 (2178)
2544 Pyroxene granulite 
Valakam
Total rock 5+ 124+ not analyzed
2545 Hypersthene granite 
Chengannur
122+Total rock 9 58 + not analyzed
+ Approximate value by x-ray fluorescence
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kilometres to the north of GA 2538, is slightly more 
enriched at 0.8884 and its maximum indicated age is 2785 
m.y. These two rocks appear to me to be of different 
ages. Although GA 2538 is not well-enriched, it fits an 
isochron with GA 1831 and GA 1840 of Mysore and GA 1850 
and GA 1852 from the Nilgiris. These five samples together 
give a mean square of weighted deviates of 3.47. This 
is significantly greater than 1.00 for the number of 
samples, but it is to be expected that there would be 
slight differences of age among the group, and the Model 
III age of 3065 + 75 m.y. is acceptable with an initial 
ratio of 0.7002 + 0.0017.
It may be added that although these appear to be 
the oldest rocks I have so far found (comparably old 
rocks have been found in Orissa by Sarkar et al (1968 in 
press) the sample GA 2539 appears to be also older than 
the Peninsular Gneiss and is the only representative of 
the well-known group of old Precambrian rocks in other 
continents having an age of the order of 2700 m.y. I 
have so far found in India.
GA 2542 and GA 2543 are very closely associated, 
the first being a charnockite and the second a garnet 
biotite gneiss, both at Ayoor. They grade into each 
other imperceptibly. The results for each are very
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similar. Enrichment is moderate (0.8846, 0.8867), 
suggesting maximum ages of 2160 and 2180 m.y. It seems 
probable that these are close to the true ages, and that 
the samples can be compared not only with GA 1859A and 
GA 1859B, but also with GA 2602 from the Godavari Valley 
in coastal Andhra Pradesh (see below).
4.6.3 General Comment on Geochronology of Tamizhagam-Kerala 
As in Mysore, rocks of an age of about 3000 m.y. occur 
in South Kerala and in the Nilgiri Hills; the possibility 
of others at about 2700 m.y. is indicated. In the Nilgiri 
Hills most of the charnockitic rocks are rather younger 
but may still be slightly older than the Peninsular Gneiss 
of Mysore-Hyderabad, and have an age of 2600 m.y. or a 
little more. The charnockites of the type area at Madras 
are not certainly older than the Peninsular Gneiss either, 
and appear to be of the same age as that Gneiss or very 
slightly older.
Non-charnockitic rocks of Peninsular Gneiss age have 
not been found. Migmatitic rocks of an age of about 2100 
m.y. occur east of Coimbatore, and may be widespread, as 
they are found too in Kerala and are known to exist 
further north along the west and east coasts. One of 
the Kerala rocks of this age is a charnockite.
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The next youngest rocks are the soda-syenites of 
Sivamallai, but these are not accurately dated, though 
likely to be older than the upper Precambrian granite of 
Ramnathapuram in the south east (700 m.y8). Evidence of 
pegmatites of this age in Kerala has long been known, as 
well as pegmatites at about 500 m.y. Biotite of this 
age east of Coimbatore suggests that either intrusives 
of the same age may exist inland in the region, or that 
some event affected it very widely at this time.
Other data Old data reported by Holmes and 
others before 1949 is mostly on beach sand samples and 
merely indicative of the age of young pegmatites.
Vinogradov et al (1966) give one zircon age for 
a Madras charnockite (at Pallavaram, the type area) as 
2600 m.y., and another for a Madurai gneiss in southern 
Tamizhagam as 700 + 200 m.y. These are familiar ages.
Rama Murthy and Sadashivaiah (1968) give total rock and 
mineral Rb-Sr analyses of charnockite from southern Mysore 
and state that they define an isochron at 2740 m.y. This 
is in agreement with my suggestion that the Nilgiri Hills 
charnockites, and possibly those of Madras, may be older 
than the age of metamorphism of the Peninsular Gneiss. 
These authors add that the total rock data alone give an 
unsatisfactory isochron at 3100 m.y. (I am unable to 
comment fully as I have seen only an abstract so far).
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Deans and Powell (1968) in a carbonatite study mention 
that dating (by N.J. Snelling) of biotite-pyroxenite from 
Sevathur North Arcot (SW of Madras city at 12°25’N, 78°32’iE) 
gave a K-Ar age of 720 + 30 m,y„ It would therefore 
appear, from my data, that of Vinogradov et al and Snelling 
that granitic intrusion of this period may be common in 
the region.
4.7 Cuddapah Basin
4.7.1 Geology of the Cuddapah Basin and probable related
General The Cuddapah Basin of Andhra Pradesh forms
convexa crescent-shaped area, concavt?- to the west. As Pascoe
remarks, the horns of the crescent correspond to a change
in the direction of the Coromandel coastline from north-
south to northeast-southwest. The basin covers 860,000 
2km but a substantial part is obscured by the overlying 
Kurnool Series rocks. Its length is about 360 km and its 
maximum width about 150 km. The ranges along the east 
side of the basin form part of the Eastern Ghats, though 
in a general way the whole area is hilly and can be said 
to be part of them.
The Cuddapah rocks (King 1869, 1872) form dip and 
scarp hills with occasional domes, reaching a maximum 
height of 1500 m. The central part is a broad valley
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partly occupied by the Kurnool System0
Cuddaph System The Cuddapah System rocks are a 
sedimentary sequence of quartzites, sandstones and shales 
with subordinate dolomitic limestones. There is much 
lateral variation. The sediments appear to have been 
derived mainly from the west and south-west. Though 
horizontal or almost so in the west, the dip becomes 
usually easterly and the eastern boundary, with steep 
folds, appears to be a major fault. This has an apparent 
throw of about 750 m. Vredenburgh (1910) regarded it as 
the expression of a thrust from the east,
Basic sills and some lavas interrupt the sedimentary 
sequence (Sen and Narsimha Rao, 1967). Dykes are less 
common. With these rocks asbestos and barite are 
associated (Coulson 1933, 1934).
The rocks are divided into four Series. Each is 
separated from the one below by a disconformity with 
overlap; the sequence is rhythmic (Table 28).
Sills with chrysotile asbestos occur in the upper 
Papaghni Series (Vempalle Stage), which is also barite- 
rich. Others occur in the upper Cheyair Series. In the 
upper (Cumbum) Stage of the Nallamalai Series lead ores 
are found in the dolomitic limestones.
Coulson maintained that the basic rocks formed 
during or immediately after the Nallamalai period.
TABLE 28
Precambrian sequence in the Cuddapah Basin 
(after Sen and Narsimha Rao, 1967)
Kurnool System 
(unconformity)
( Kistna Series
(( (disconformity)
(( Nallamalai Series 
Cuddapah (
( (disconformity)
System (
( Cheyair Series
(( (disconformity)
(( Papaghni Series 
(unconformity)
Srisailam Quartzites
( Cumbum Shales
(( Bairenkonda Quartzites
( Tadpatri Shales
(( Pulivendla Quartzites
( Vemoalle Shales and Dolomites
(( Gulcheru Quartzites
Older Precambrian
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Remapping has shown that some lavas occur in the lowermost 
Series (S.N, Sen and Narsimha Rao 1967). Murthy (1950) 
demonstrated that igneous activity was confined to the 
lower Cuddapahs, where it was associated with 
contemporaneous faulting and barite mineralization. He 
regards the activity as taking place in two main phases, 
the first in late Papaghni time and the second in late 
Cheyair time. Dykes apparently associated with this 
activity form swarms with ENE-WNW and NNW-SSE trends.
Kimberlite Pipes Several kimberlite-type pipes 
known in the older Precambrian west of the Cuddapah basin 
in the Anantapur District are probably of the same age 
as one more recently discovered intruding the Cumbum 
shales of the Nallamalai Series rocks of the Chelima area 
(Nandyal taluq, Kurnool District). These kimberlites may 
be the ultimate origin of the diamonds found in the 
conglomerates of the Kurnool Series rocks.
Kaladgi Series Immediately south of the Deccan 
Trap in Maharashtra, and extending 260 km eastward into 
northern Mysore is a series of sediments similar to the 
Cuddapah rocks and named after Kaladgi in the western 
part of the outcrop. The rocks comprise about 3300 m of 
quartzites, conglomerates and limestones. In the upper 
division, which has a restricted distribution as synclines
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in the north-east, there are some haematite schists. Small 
intrusions of granite and basic rocks are known.
The Kaladgi rocks occur in the coastal zone north of 
Goa, where Sahasrabuddhe (1964) has shown that a supposed 
metamorphic facies in the lowest part of the sequence does 
not exist but is underlying Dharwar material.
Pakhal Series Along the Godavari River there exists
a belt of rocks totalling 3000 m in thickness with King 
(188$) regarded as equivalent to the Cuddapah rocks, and 
indeed a northerly continuation of that Basin. He noted 
crushing and foliation developed in the south-eastern part 
of the outcrop.
Mahadevan (1949) disputed this correlation and 
preferred one with the middle Dharwar schists, giving 
five reasons: lack of unconformity with associated 
granites, steep dips and tight folds, lithological 
dissimilarity, intrusive relationships with granites and 
the presence of blue quartz veins with old copper workings. 
Heron (1949) attempted to refute these points.
Kurnool System Two areas of younger rocks named 
the Kurnool System overlie the Cuddapah rocks. One is in 
the central (Kundair) valley of the Cuddapah Basin. The 
other is in the north-east in the district known as the
Palnad.
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The rocks are 350 m thick in the west, but much 
thicker in the northern outcrop. They are predominantly 
limestones, with shales and sandstones which have been 
divided into four groups. Diamond-bearing conglomerates 
are characteristic of the basal Banganapalli Sandstones.
The eastern part of the outcrop is disturbed, though 
less than the underlying Cuddapahs.
I noted ’’duricrusting" of the upper surface of the 
Kurnool rocks west of Nandyal, a fact of some interest 
in so far as such surface effects are widespread in 
Western Australia.
The Kurnool system has been correlated with the 
Vindhyan System.
4.7.2 Geochronology of Cuddapah Basin Forty samples 
were collected or obtained from this region. Fourteen 
total rock and two mineral analyses were made.
The samples comprise two groups presented by Mr 
S.N. Sen of the Geological Survey of India: nine samples 
of basic lavas (GA 1889A, 1889B-1900) and 15 samples of 
dolerites and amphibolites (GA 1891-1894, 1901-1914).
Three samples were collected by me in 1967 (GA 2591-2593). 
Thirteen samples of a basic dyke presented by Dr M.
Qureshy of the National Institute of Geophysical Research 
have not yet been processed. There are also three
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kimberlite samples. Sample GA 1943 is from the Cuddapah 
basin proper, but although two other kimberlite samples 
are from that part of Andhra lying west of the Basin 
(where they intrude older Precambrian) they have been 
included here for convenience, as they are probably of the 
same suite and age as GA 1943, (GA 1915 and GA 1940),
(a) Cuddapah Lavas
Six full total rock analyses were made and one
, 29unspiked analysis. The results (Table -SB-) show that all 
are poorly enriched. Individual analyses give no age 
indication of any reliability unless GA 1889B (present- 
day ratio 0,7489) may be said to show at least that its 
maximum age is probably no more than 1630 m.y.
Regression of the seven rocks gives a high mean 
square of weighted deviates (57.58), probably because 
of fairly large variations in initial ratio.
From the scatter on the isochron plot it may be 
suggested that GA 1899 should be separated from a group 
consisting of GA 1896, 1897, 1889A and 1889B; and that 
a third group contains 1895 and 1900. The latter two 
may be of the same age as the second group but of higher 
initial ratio. Regression of the second group alone gives 
an excellent Model I isochron, with a MSWD of 0.03 (using 
a variance of 0.10 x 10 ^), the indicated age being 
1370 + 55 m.y. with an initial ratio of 0.7078 + 0.0010.
TABLE 29
Analytical data for samples of lavas in the Cuddapah System
GA
No.
Sample, locality and 
type
Rb
ppm
Common
Sr
ppm
n, 87 86 _ 87 /e 86Rb /Sr Sr /Sr
Age at 
initial 
ratio of 
0.700 my
1889A Amygdaloidal basic lava 
Nakkalonda Mines 
Pulivendla area
Total rock 66.9 143.1 1.3492 0.7337 (1774)
1889B Ditto, same locality
Total rock 75.1 101.6 
101.9
2.1343
2.1268
0.7489
0.7487
(1630)
(1629)
1890 Epidotized vesicular 
basic lava. Same 
locality as GA 1889
Total rock 16+ 300+ not analyzed
1895 Amygdaloidal basic lava 
containing chalcopyrite 
Bestavaripalle
Total rock 17.6 101.3 0.5017 0.7210 -
1896 Amygdaloidal basic lava 
Hill 1736, south of 
Vempula
Total rock 44. 7 178.6
178.1
0.7223 
0.7244
0.7229
0.7204 (1999)
1897 Amygdaloidal basic lava 
Bestavaripalle
Total rock 0.7078*
1898 Epidotized basic lava 
Bestavaripalle
18+Total rock 530+ not analyzed
1899 Basic lava 
Bestavaripalle
Total rock 45.1 97.0
99.2
1.3411
1.3111
0.7369
0.7374
(1953)
(2026)
1900 Massive basic lava 
Bestavaripalle
Total rock 33.2 111.0 0.8630 0.72 73 (2236)
+ Approximate value by x-ray fluorescence 
* Analysis of unspiked sample 
Regressions 35, 36 
Isochron U
Isochron age (GA 1889A, B, 1896, 1897)
Age 1370 + 55 my (Model I)
Initial ratio 0.707§ + 0.0010 
MSWD 0.03
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Some comments on this determination follow in 4.7C3
(b) Cuddapah Dolerites of Venkatapuram area
Four total rock analyses were made, listed in Table
7?0
29-, While the individual samples are poorly enriched 
(maximum present-day ratio of 0.7324) the four give a 
good Model I isochron at 980 + 110 m.y., with a MSWD of 
0.35 using a variance of 0.10 x 10~ . The initial ratio 
is 0.7121 + 0.0015.
(c) Kimberlite type pipes and dykes
The sample from the Cuddapah Basin proper, GA 1943, 
is from a dyke of kimberlitic type at Chelima (15026', 
78°42f) which intrudes the Cumbum Shales of the Nallamalai 
Series. The other samples are from similar rocks which 
intrude older Precambrian west of the Basin. Results are
V.listed in Table 30-.
From sample GA 1943 replicate analyses were made of 
separated phlogopite and one analysis of the total rock 
(unspiked). The differences between the data for the 
replicate phlogopite analyses are probably due to 
laboratory contamination by strontium of the GA 1943B 
sample. There was a difference in grain size between the 
two, but no apparent significant difference in purity.
The GA 1943A analysis is preferred. The phlogopite is 
not well-enriched, but sufficiently so to show that its 
maximum age is of the order of 1550 m.y.
TABLE 30
A n a l y t i c a l  d a t a  f o r  s a m p le s  o f  d o l e r i t e s  and a m p h i b o l i t e s  i n t r u d i n g  t h e  Cuddapah S y s tem
GA
N o .
S a m p le ,  l o c a l i t y  and  
t y p e
Rb
ppm
Common
Sr
ppm
Rb8 7 / S r 86  S r 8 7 / S r 86
A ge a t  
i n i t i a l  
r a t i o  o f  
0 . 7 0 0  my
1^91 D o l e r i t e  Venkatapuram  
g o s s a n  a r e a
T o t a l  r o c k 2 3 . 7 9 3 . 9 0 . 7 2 9 8  0 . 7 2 2 0 ( 2 1 3 9 )
1 8 9 2 D i t t o ,  same l o c a l i t y
T o t a l  r o c k 3 9 . 8 1 0 1 . 1 1 . 1 3 7 6  0 . 7 2 7 6 ( 1 7 2 5 )
1 8 9 3 D i t t o ,  saune l o c a l i t y
T o t a l  r o c k 2 3 . 7 4 6 . 6 1 . 4 6 2 9  0 . 7 3 2 4 ( 1 5 7 5 )
1 8 9 4 D i t t o ,  same l o c a l i t y
T o t a l  r o c k 1 3 . 6 1 4 1 . 1 0 . 2 7 9 2  0 . 7 1 6 1 -
1901 A m p h i b o l i t e  from  s i l l  
a t  1 5 ° 3 6 ' N ,  79 3 8 '2 8 " E
T o t a l  r o c k 3+ 2 0 0 + n o t  a n a l y z e d
1 9 0 3 A m p h i b o l i t e  b e tw e e n  
1 5 ° 4 5 ' N  t o  1 6 ° 1 5 ' N  and  
7 9 ° 3 0 ' E  t o  7 9 ° 4 5 ' E
T o t a l  r o c k 2 + 3 8 1 * n o t  a n a l y z e d
1 9 0 4 D i t t o ,  same a r e a
T o t a l  r o c k
+
1 2 6 7 + n o t  a n a l y z e d
1 9 0 5 D i t t o ,  same a r e a
T o t a l  r o c k
-I-
1 28 7+ n o t  a n a l y z e d
1 9 0 6 D i t t o ,  same a r e a
T o t a l  r o c k 3 6 + 23 0 * n o t  a n a l y z e d
1 9 0 7 D i t t o ,  same a r e a
T o t a l  r o c k 9 + 1 5 8 + n o t  a n a l y z e d
1 9 0 9 D o l e r i t e  B o r e h o l e  N o . 3 ,  
P u l i v e n d l a  a t  2 0 . 7 5  m
T o t a l  r o c k 0 . 3 + 1 0 + n o t  a n a l y z e d
1 9 1 0 D i t t o , a t  2 1 . 3 5  m
T o t a l  r o c k 2 7+ 1 1 3 + n o t  a n a l y z e d
1 9 1 1 D i t t o ,  a t  2 2 . 2 5  m
T o t a l  r o c k 2 4 + 1 6 8 + n o t  a n a l y z e d
1 9 1 2 D i t t o ,  B o r e h o l e  N o .8 A ,  
P u l i v e n d l a  a t  2 6 . 5 0  m
T o t a l  r o c k 3 7 + 1 1 5+ n o t  a n a l y z e d
1 9 1 3 D i t t o ,  a t  2 6 . 9 0  m
T o t a l  r o c k 4 6 + 1 1 7+ n o t  a n a l y z e d
1 9 1 4 D i t t o , a t  2 7 . 5 0  m
T o t a l  r o c k 4 4 + 1 7 8 + n o t  a n a l y z e d
+ A p p r o x im a t e  v a l u e  by x - r a y  f l u o r e s c e n c e  
R e g r e s s i o n  37  
I s o c h r o n  V
I s o c h r o n  a g e  9 8 0  + 1 1 0  my (Model I )
I n i t i a l  r a t i o  0 . 7 l 2 l  + 0 .0 0 1 -5
MSWD 0 . 3 5
0.
70
TABLE 31
Analytical data for samples from kimberlite-type pipes and dykes of Andhra Pradesh
GA
No.
Sample, locality and 
type
Rb
ppm
Common
Sr
ppm
Rb87/Sr86 _ 8 7/c 86 Sr /Sr
Age at 
initial 
ratio of 
0.700 my
1915 "Kimberlite"
Lattarvaram
Anantapur District, A.P.
(14°55'30", 77°17'00") 
Total rock 163+ 792 + 0.7117*
1940 "Kimberlite"
Muligiripalli
Anantapur District, A.P.
(14°5l’, 77°18°30") 
Total rock 143+
304.5
852 +
824.0
832.1
1.0660
1.0557
0.7098* 
0.7213 
0.7154
(1423)
(1040)
1943 "Kimberlite"
Borehole Ch 5 at 134.65 m 
Chelima area, Nandyal 
taluq
Kurnool District, A.P.
(15°26', 78°42')
Total rock 
Phlogopite A 
Phlogopite B
11 7+
462.4
459.8
9 7 7+
207.0
308.6
6.4457
4.2988
0.7286* 
0,8409 
0. 79 79
(1556)
(1620)
+ Approximate value by x-ray fluorescence 
* Analysis of unspiked sample 
No regression
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The unspiked total rock analysis gives a present-day 
Sr^^/Sr^^ value of 0.7286, which is higher than that noted 
for the other kimberlitic types from Andhra and higher 
than the values generally obtained for rocks of this type. 
It is clear that if the Cuddapah lavas age given above is 
to be accepted as reliable - and I think it is - then the 
sample GA 1943 must be younger as it intrudes younger 
Cuddapah rocks. Its indicated maximum age of 1550 m.y. 
is therefore much too high and its initial ratio must be 
considerably more than 0.700. If its initial ratio was 
that of the present-day ratio of the total rock (0.7286) 
the age of the phlogopite would be about 1240 m.y. If its 
initial ratio was as low as 0.720 its age would be 1340 
m.y. approximately. The latter age would imply a rather 
rapid deposition of the main part of the Cuddapah sequence 
(not an impossibility). Certainly, the initial ratio can 
hardly be less than about 0,720.
The probably related pipes in the Anantapur District
have also been analyzed. Two samples were obtained,
Unfortunately phlogopite could be separated only from
8 7 86GA 1940. The analyses show that the present-day Sr /Sr 
ratios of the total rock samples is rather lower than that 
of GA 1943. The phlogopite of GA 1940 is very poorly 
enriched (rather remarkably) with a present-day ratio
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of only 0.7154, and gives in itself no useful information 
about the age of the pipe.
4.7.3 General Comment on the Geochronology of the 
Cuddapah Basin rocks The determinations given above make 
a more accurate assessment possible of the age of the 
Cuddapah System, and incidentally of the Kurnool System.
Aswathanarayana (1962a) determined three ’’'model’' 
ages on galenas, one of which was from a vein in the 
Cumbum Shales of the Nallamalai Series at Zangamrajupalle, 
Cuddapah District. This he gave as 780-840 m.y. On this 
basis he correlated the Cuddapahs approximately with the 
Delhi System, the span of age of which at that time was 
thought to be between about 950 m.y. and 835 m.y. (Holmes 
1955). Aswathanarayana also stated that the Cuddapahs 
were probably younger than the ’’Satpuras” and that this 
was consistent with geological evidence. Soon after, 
Aswathanarayana (1962b) corrected the model age for the 
Zangamrajupalle galena to 1400-1470 m.y. and admitted
that this had "far-reaching implications" and that it
yr»supported the view expressed by Ho^es that the customary 
correlation of the Cuddapahs with the Delhis was likely 
to be wrong, and that the Cuddapahs "belong to the end 
of the Eastern Ghats Cycle and the period immediately 
following. If this be the case they should turn out to
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be older than the rocks of the Satpura and Delhi Belts’“ 
(Holmes, 1955, p.98). Aswathanarayana (1964) published 
several analyses including five total rock K-Ar analyses 
of Cuddapah dolerites. Four of these were from the Vempalle 
Stage of the Papaghni Series, and one from the Tadpatri 
Shales of the Cheyair Series above it. He obtained ages 
of 790 + 30, 1160 + 50, 570 + 25, 860 + 35 m.y. for the 
Vempalle samples and 1080 + 40 m.y. for the Tadpatri 
sample. He decided that the spread was possibly due to 
episodic or continuous loss of radiogenic argon during 
metamorphism, and used the lowest age as a minimum age 
for the start of deposition of the Cuddapahs. From total 
rock K-Ar dating of two samples of Cumbum Shales he 
postulated a metamorphic event at about 500 m.y.
My determinations show that unless the Cuddapah 
lavas were updated by metamorphism they have an age of 
emplacement of 1370 + 55 m.y. I do not believe that they 
were so updated, because had they been the isochron would 
not be of the quality obtained; it is extremely unlikely 
that each sample would be affected in exactly the same 
way. As they are in the Vempalle Stage rocks, I estimate 
the base of the Cuddapah System at about 1400 + 50 m.y.
The Chelima dyke rock GA 1943 must be younger than 
the Vempalle Stage lavas, as it intrudes younger sediments.
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Its maximum age is estimated at about 1340 m.y. This 
assumes an initial ratio of 0.720. It is possible that it 
is younger, but to have any substantially younger age its 
initial ratio would have to be abnormally high, and as 
the present-day ratio of the total rock is only 0,7286, 
it is extremely unlikely that it is, for example, as 
young as the Majhgawan kimberlite of Vindhya-Bundelkhand 
(1140 m.y.) for to be of that age its initial ratio 
would have to have the unlikely value of 0.7375,
With an age of 1340 m.y. for the Chelima sample 
the deposition of the main part of the Cuddapah sequence 
has to take place in a relatively short time, say 50 m.y. 
This is not impossible but may seem surprising. In so 
far as the Cuddapah dolerites have an age of 980 110
m.y. and are not found in the Kurnool System rocks, it 
may mean that there is a very large span of time between 
the end of Cuddapah deposition (say about 1350-1300 m.y.) 
and start of Kurnool deposition (say 1050 to 850 m.y.). 
This means that the Cuddapah System, deposited between 
1400 m.y. and 1300 m.y. must be correlated with the 
Lower Vindhyan, while the Kurnool System, deposited 
after 1050 m.y. and perhaps even after 850 m.y., with 
only the upper part of the Upper Vindhyan.
Such a correlation may seem heretical to those who 
take much cognizance of thicknesses. The Cuddapah System
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is thick (6150 m) and the Lower Vindhyan thin (300=900 m)„
A similar disparity exists between the Kurnools (600 m) 
and even half the Upper Vindhyan (which could be estimated 
at from 600 m to 5000 m). This is of no consequence 
except to show that thicknesses are irrelevant to questions 
of correlation and a function only of environment of 
deposition. The Cuddapahs and the Vindhyan were very 
different in environment.
The 500 m.y. metamorphism postulated by 
Aswathanarayana in the Easten Ghats, affecting the eastern 
part of the Cuddapah System rocks, has not been confirmed 
in this region by me. The known! existence of biotites 
of this order of age in Tamizhagam-Kerala and in Ceylon 
makes it quite possible that such an event affected the 
Cuddapah area.
4.8 Coastal Andhra Pradesh
4.8.1 Geology of Coastal Andhra Pradesh
This area has been named Coastal Andhra Pradesh to 
avoid using the term Eastern Ghats. That unsatisfactory 
geographical expression refers to the mountain ranges 
lying behind the east coast plain. These ranges are 
much less continuous than the Western Ghats, for they are 
broken by the wide lower valleys of several great rivers. 
Though geologically more homogeneous than the Western
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Ghats in being entirely Precambrian, there are in fact 
wide differences of rock type and age and structural 
style: for the whole of the Cuddapah Basin is in effect 
part of the belt. These poorly metamorphosed rocks are 
however quite untypical, the rest of the belt including 
much of the most intensely metamorphosed terrain in 
India.
The region includes those parts of the "Eastern 
Hills" of Spate (1957) extending from the Mahanadi River 
in the north to the left bank of the Godavari. There is 
then a break as far as Vijayawada (former Bezwada) on 
the Krishna, to the south of which is a strip of "old.'* 
Precambrian lying on the coastward side of the Cuddapahs. 
This is the Nellore Mica Belt, with narrow strips of 
other pre-Cuddapah rocks.
The northern stretch is made up of gneisses, 
charnockites and khondalites for the most part. The area 
is rather poorly known. It is a thinly populated 
forested hilly country with bad communications.
Pascoe (1950) states that the presumed sequence is 
as given below:
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Precambrian sequence in north coastal Andhra
Pradesh
( Charnockites 
Igneous (
( Gneissose granites
Kodurites
( Calc-gneisses 
Sedimentary (
( Khondalites
More recent interpretations of the charnockites 
here and elsewhere suggest that his first division into 
igneous and sedimentary needs modification, but the 
general sequence may still stand,,
Khondalites These were named by Walker (1902) after 
the local aborigines. They are essentially garnet 
sillimanite schists, variably graphitic, with some quartz 
and feldspar. They are greyish-red, usually foliated, 
with the garnets very conspicuous as shattered crystals 
in a crushed groundmass. The rock type decomposes very 
readily. As it resembles no known sedimentary rock 
chemically and is very rich in alumina and silica it was 
suggested by Walker that it could be a metasediment 
derived from metamorphism of a well-leached slightly 
quartzose clay. The presence of graphite gives some 
support to this hypothesis, as well as the fact that small 
quantities of hydrocarbons occur with the graphite.
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Khondalites are typically developed around 
Vishakhapatnam, together with crystalline limestones and 
haematite- and limonite-rich schists«
Calc-gneisses Very calcareous gneisses, regarded
as of sedimentary origin, are associated with the 
khondalites ’*. . . usually at their junction with the 
gneissose granites’* (Pascoe) .
Gneisses and granites The non-charnockitic and 
non-calcareous gneisses of the area are poorly known. 
Fine-grained biotite gneisses are common west of the 
predominantly charnockitic zone. Elsewhere granitoid 
gneisses occur and have been correlated loosely with the 
Peninsular Gneiss. Granites are found in Ganjam and 
these are usually coarsely porphyritic. Pegmatites, some 
with molybdenite, are associated with them.
Kodurites The kodurites (Fermor 1912, 1915) are 
named from the Kodur manganese mine near Vishakhapatnam.
The typical rock is composed of potassic feldspar, 
manganese garnet and apatite, with the feldspar usually 
decomposed. The silica content can vary greatly. This 
rock type was thought by Fermor (1907, 1909) to be of 
igneous origin, but Cross (1914) and Middlemiss (1.915) 
demonstrated its probable hybrid origin, which is now 
generally accepted. It decomposes very easily to manganese 
orebodies and ochreous material.
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South of the Godavari in the Guntur and Nellore 
Districts is the Nellore Mica Belt. This is a zone of 
garnet- and kyanite-bearing biotite schists with 
quartzites, overlain by meta-lavas. It was correlated by 
King (1880) with the Dharwars, partly from lithological 
similarities and. partly because of the north-south 
regional strike. In the eastern part of it numerous 
muscovite-rich pegmatites occur. On either side of the 
schist belt are belts of granitic gneiss, which King 
named ’’Carnatic Gneiss’3 and correlated with the Peninsular 
Gneiss. Roy (1944) thought these younger than the mother 
formations in the schist belt.
The attribution of the schists to the Dharwars by 
King, followed by Fermor (1936) and at the time accepted 
by Holmes in his 1949 paper, has been briefly discussed 
by Holmes in his 1955 paper. Mahadevan (1949) suggested 
that the Nellore mica belt should really be regarded as 
part of an ’’Eastern Ghats Belt’3 younger than the Dharwars, 
and this appears to have been accepted unequivocally in 
the more recent publications of Mahadevan and Aswathanarayana 
(1956, 1962) on the basis of radiometric dating.
Rocks similar to those in the northern part of this 
region occur in Madras-Kerala, and are regarded by many 
Indian geologists as part of this ’’Eastern Ghats Belt’3.
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The Precambrian rocks of much of Ceylon also very closely 
resemble many in this region, The resemblance extends 
to the Shillong Plateau, where sillimanite gneisses are 
of economic importance as sources of refractories; and 
the Precambrian rocks of central Burma are said to be 
very similar too,
4.8.2 Geochronology of Coastal Andhra Pradesh Twenty 
six samples were collected. Thirteen total rock and 
three mineral analyses were made.
Southern Area (i.e. south of Godavari River) In 
this area analyses have been made of muscovite from the 
Nellore Mica Belt and of pegmatites and granites from 
probable older rocks. The results are listed in Table 3 1 .
Nellore Mica Belt samples From a large suite of 
specimens collected at the Krishna Mica Mine, 10 km west 
of Gudur, three analyses have been made of muscovite from 
the Vapamani shaft. These give ages of 1446, 1446 and 
1493 m.y. for the three samples GA 1885-1887, assuming 
an in itia l ratio in each case of 0.700. They are all 
very well-enriched and the true ages must be l i t t le  
different. The ages are either the ages of the pegmatites 
or possibly slightly younger than the pegmatite ages.
Pegmatites and. Granites GA 1902 is a pegmatite 
from very near the eastern margin of the Cuddapah Basin,
TABLE 32
Analytical data for samples of rocks from southern Coastal Andhra ]Pradesh
GA
No.
Sample, locality and 
type
Rb
ppm
Common
Sr
ppm
Rb87/Sr86 Sr87/Sr86
Age at 
initial 
ratio of 
0.700 my
1885 Mica, Vapamani Mica Mine, 
Gudur
Muscovite (processed) 965.9 3.1 901.0835 19.0067 1446
1886 Ditto
Muscovite (crystal) 331.7 14.7 65.0731 2.0208 1446
1887 Ditto
Muscovite (crystal) 1052.4 1.9 1622.4331 34.7221 1493
1902 Pegmatite
Intrudes quartzites and 
phyllites
15°37'N, 79°22,30"E 
Total rock 38.4 18.5 5.9846 0.8929 (2282)
1908 Pegmatite
From Borehole AgBll, 
Agnigundala, at 28 m
Total rock 188.2 34.1 15.8994 1.2488 2438
2601 Biotite gneiss
Mailaram area, Kottagudem
17°30'N, 80°40'E 
Total rock 123+ 251 + not analyzed
2602 Pink granite 
Locality as GA 2601
Total rock 122.1 70.6 4.9878 0.8499 2130
2608 Nepheline syenite 
Kunavaram Series N of 
Ashwarupet, Khamman Dt.
136+Total rock 660+ not analyzed
2609 Ditto, same locality 
Total rock 195+ 610* not analyzed
2610 Granophyre S of 
Kollapur,Mehboornagar
Total rock 85+ 356+ not analyzed
2738 Granite, Vinukonda, 
Guntur District
Total rock 319.5 28.9 31.8580 1.4104 1587
2 739 Granite
Agnigundala
168+Total rock 138+ not analyzed
2740 Granite
Ipurna
Total rock 121 + 28 7+ not analyzed
+ Approximate value by x-ray fluorescence
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and which intrudes metasediments likely to be pre-Cuddapah 
in age; possibly equivalents of the Dharwars. Total rock 
analyses gives a maximum indicated age of 2280 m,y, but 
it is probable that like many pegmatites this has a high 
initial ratio and that its true age is of the order of 
2100-2150 m.y., which would require an initial ratio of 
about 0.710-0.711. If however the ratio was as high as 
0.760 it could have an age of approximately 1650 m.y.
GA 1908 is a pegmatite from a borehole at 
Agnigundala in the same general area as GA 1902. It is 
rather more enriched and its maximum indicated age of 2440 
m.y. would be reduced only to 2400 m.y. approximately if 
the initial ratio was as high as 0.710. Although it is 
possible, with a still higher ratio of the order of 0.760 
to reduce the age to the 2100 range, I prefer to believe 
that this is more likely to be a pegmatite associated 
with granitic material equivalent in age to the Closepet 
Granite suite, i.e. between 2350 and 2400 m.y.
GA 2738 from Vinukonda is a granite, also from the 
same general area as the pegmatites. It is well-enriched 
sind its true age may be little different from the 
indicated maximum of 1590 m.y. This is a characteristic 
’’Eastern Ghats” age of a range not represented in central 
parts of south India, but noted as a biotite age in
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coastal Maharashtra (see above). It is thought here as 
likely to be the age of the general granitoid intrusion 
of which the pegmatites of the Nellore Mica Belt represent 
a late phase; it is possible that the rather younger 
muscovite ages of GA 1885=1887 quoted above could be 
deceptively young because of slow cooling and that their 
age is really nearer to that of GA 2738,
GA 2602 is a pink granite from a different area, 
near Kottagudem towards the Godavari. It is much farther 
from the coast. The sample is moderately enriched and 
has a maximum age of 2130 m.y. so that provided it has 
a low initial ratio it appears to form one of the suite 
of the approximate age of 2050-2150 m.y. To have an 
"Eastern Ghats" age of 1650 m.y. or so it would need 
an initial ratio of 0.740, which seems unlikely.
Northern Area This division of the region is
much larger and was little sampled. Thirteen samples
were collected in a relatively very small area, in the
company of Dr U. Aswathanarayana from quarries and
outcrops near Waltair (which is effectively a suburb
of Vishakhapatnam) and Vizianagram to the north. The
33.results are listed in Table -3-2-.
The most enriched of these is an aplite from a 
dyke at the Garividi manganese mine (50 km NNE of
TABLE 33
Analytical data for samples of rocks from northern coastal Andhra Pradesh
GA
No.
Sample, locality and 
type
Rb
ppm
Common
Sr
ppm
n, 87 86 c 87 . 86Rb /Sr Sr /Sr
Age at 
initial 
ratio of 
0.700 my
1922 Even-grained medium­
grained charnockite 
Quarry west of airport 
Vishakhapatnam
Total rock 98+ 266+ not analyzed
1923 "Porphyritic gneiss" 
Coarse-grained garnet- 
feldspar gneiss, at GA 
1922 locality
Total rock 
K-f eldspar
222 8 
373
176 3 
294
3.6467 0.7779
not analyzed
(1520)
1924 Ditto, still coarser- 
grained. At GA 1922 
locality.
Total rock 
K-f eldspar
132.8 
4 5 5+
122.7 
122 5 
235
3.1223 0.7704 
3.1270 0.7645 
not analyzed
(1605)
(1468)
1925 Coarse-grained charnockite 
at contact with GA 1924
Total rock 191.1 220.3 2.5020 0.7592 (1683)
1926 Medium-coarse grained 
charnockite Maddilapalem 
quarries Vishakhapatnam
23+ 50+Total rock not analyzed
1927A Leptynite. Same locality 
as GA 1926
Total rock 244. H 04.1 7.5013 0.9060 (1949)
1927B Charnockite band in 
GA 1927A. Same locality 
as GA 1926
Total rock 242.8 95.9 
94. 5
7.3060 0.8924
7.4090 0.8969
(1870)
(1887)
1928 Leptynite. Same locality 
as GA 1926
Total rock 208.6 234.4 2.5676 0.7720 (1990)
1929 Aplite dyke intruding 
GA 1930 Ridge north of 
yard of Garividi 
Manganese mine
Total rock 315.9 20.6 44.1801 1.3047 978
1930 Calc granulite. Locality 
as GA 1929
Total rock 1 4 5+ 258+ not analyzed
1931 Coarse calc granulite. 
Same locality as GA 1929
Total rock 470.6 510.4 2.6606 0.7615 (1645)
1932 Typical khondalite Endada 
quarries 13 km N of 
Vishakhapatnam
8+Total rock Nil not analyzed
1933 Murchisonite rock Crag 
near Engineering College 
Waltair University
Total rock 202.1 190.7 3.0566 0.8029 (2382)
+ Approximate value by x-ray fluorescence 
No Regression
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Vishakhapatnam) . This gives a reliable age of 975 + 10 
m.y. The intruded calc-granulite (GA 1931) is rather 
poorly enriched (present-day ratio 0.7615) and its age 
can only be said to be possibly of the },Eastern Ghats*’ 
range, approximately 1600 m.y. It could be younger.
The Waltair-Vishakhapatnam samples form an 
interesting but somewhat inadequate suite. The most 
enriched is GA 1927A, a leptynite (sillimanite gneiss) 
with a present day ratio of 0.9060. This gives a maximum 
indicated age of 1950 m.y. which is not paralleled 
elsewhere. To have an "Eastern Ghats*’ age its initial 
ratio would have to be as high as 0.740. However, it 
should be noted that the charnockite band in it (GA 1927B) 
could with the same high initial ratio have that same 
age of about 1600 m.y., and it too has a maximum indicated 
age of an unusual order (1840 m.y.).
The remainder of the samples are rather poorly 
enriched. The gneissic rock GA 1923 (present-day ratio 
0.7779) has an age of 1520 m.y. at 0.700; it is likely to 
be rather younger. GA 1924, which is a coarser variant 
of GA 1923, has a maximum indicated age of 1470 m.y.
GA 1925, a charnockite, though its present-day ratio is 
only 0.7592 has an Eastern Ghats age of 1683 m.y. at 
0.700 and could well be between 1600 and 1650 m.y. old.
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GA 1928 is another leptynite and can only 
provisionally be regarded as likely to have a true age of 
1600-1650 m.y. with its present-day ratio of 0,7720.
GA 1933 is an unusual murchisonite-rock and is somewhat 
better enriched at 0,8029 and appears more likely to be 
in the 2050-2150 range assuming its initial ratio is 
about 0,7100, Its indicated maximum age is 2380 so that 
it is remotely possible that it is an equivalent in time 
of the Closepet event in the south.
Attempts to regress groups of these rocks are 
unrewarding, as although it is likely that a group of 
samples of the general age of about 1600 m.y, exists, 
the variation in initial ratios is much too high.
4.8.3 General Comment on the Geochronology of Coastal 
Andhra Pradesh This area appears to have a more 
complicated history than previously believed, though the 
data are yet rather limited. The previous belief was 
that it contained rocks of an ’’Eastern Ghats Cycle”, at 
1625 + 75 m.y. (Mahad.evan and Aswathanarayana 1962;
Aswathanarayana 1964) that age being a metamorphic age 
of pre-existing pelitic sediments. It was thought to 
have been followed by emplacement of charnockites and 
then metamorphosed and uplifted at about 500 m.y.
My data suggest that granitic intrusion took place 
at about 2400 m.y. in the southern part of the region
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and also near Vishakhapatnam. There appears to have been 
further intrusion at about 2100 m.y. and again at about 
1600 m.y. In the north, charnockites have ages of about 
1650-1600 m.y., as have garnet-sillimanite gneisses, but 
it seems possible that some (mainly charnockitic) rocks 
in the northern area are older and perhaps were 
metamorphosed at about 1850-1950 m.y.
The Nellore Mica Belt pegmatites were intruded at 
about 1450-1500 m.y. following folding of the sequence 
and its metamorphism. The only rock younger than these 
which has so far been identified is an apiite dyke in the 
north, with an age of 980 m.y. This is perhaps to be 
regarded as a southern representative of rocks from the 
region to the north.
Evidence for the metamorphism postulated by 
Aswathanarayana at about 500 m.y. has not been found, but 
there is no reason to dispute this event, as Grasty and 
Leelandam (1965) found K-Ar biotite ages of 440-520 m.y. 
in basic charnockite and khond.al.ite from Kondapalli 
(16°37’N , 80°32 9 30nE).
Other data The data of Aswathanarayana (1964) for 
Eastern Ghats samples assume an initial ratio of 0.710 
in assessing the age, which is questionably correct.
His three total rock ages for a Vishakhapatnam charnockite,
176
a Vishakhapatnam granite and a Kondapalle intermediate 
charnockite are 1300 + 210, 1520 + 240 and 1430 + 400 
m.y, respectively. They could all be too young. The 
biotite ages of 480 + 10 m.y, are almost certainly correct 
and receive support from the work of Grasty and Leelandam 
mentioned above.
Vinogradov et al (1966) give a zircon age of 2600 
m.y. for monazite from beach sand at Vishakhapatnam, They 
also report allanite ages of 2000 + 100 m.y. for Nellore 
Mica Belt pegmatites, which supports my belief that there 
are pegmatites of at least two ages in that Belt.
4.9 Summary of Geochronology of Southern Peninsular
India
This division of the Peninsula is arbitrarily defined 
to include the regions Mysore-Hyderabad, Tamizhagam-Kerala, 
the Cuddapah Basin and Coastal Andhra Pradesh.
The oldest rocks in this division are found in the 
south and south-west. They are gneisses about 3000 m.y. 
old and are known only locally in southern Mysore, the 
Nilgiri Hills and south Kerala. There is no evidence of 
any extensive nucleus of this age uninterrupted by younger 
rocks. However, the density of sampling is low and we do 
not really know.
177
The next oldest rocks, of about 2700 m.y. have so far 
been found certainly only at one locality in southern 
Kerala but are likely to occur also in the Nilgiri Hills, 
and are probably all charnockites.
Rocks of both these ages appear to be swamped by 
rocks with rather younger ages. In Mysore and Hyderabad 
the Peninsular Gneiss appears to form the major part of 
the basement and is 2550 m.y. old. It seems probable 
that the major period of charnockite production by 
metamorphism was at much the same time, or slightly 
earlier. But along the west coast, and south of the 
charnockite belt which runs approximately along and 
parallel to the southern boundary of Mysore, rocks of 
this age are absent and seem more likely to be generally 
about 2100 m.y. old.
The time span of the Dharwar System of Mysore 
remains uncertain. The pillow lavas of Chitradurga are 
undoubtedly younger than the age of metamorphism of the 
Peninsular Gneiss, and as they are almost certainly in 
the lower part of the Dharwar sequence then it would seem 
that the belief that the Dharwar System is older than that 
Gneiss is untenable. (The slight doubt about interpretation 
of the age of lavas is discussed earlier.) It is remotely 
possible that the lowermost part of the Dharwar System may
178
be older than the age of metamorphism of the Peninsular 
Gneiss, which indeed could be a transformed part of it; 
but this seems to be making the picture unnecessarily 
complicated, although it is certainly likely that the 
Dharwar System extends over a considerable time-span. The 
problem is made more difficult by uncertainty over the age 
of the Closepet Granite, which could well be a granitized 
zone of Dharwar rocks«, It may be as old as 2380 m,y, but 
could be as young as 2100 m.y. I prefer to believe in the 
old age and to suggest that within this undoubtedly 
heterogenous body, of which even the boundaries are 
uncertain, there are other younger granitoid rocks of an 
age of 2100 m.y. This latter age is that of probably 
many of the gneissic non-charnockitic rocks of Tamizhagam; 
it is the age of gneisses in southern Maharashtra and 
Southern Kerala, so it may well be the age of most of 
the west coastal belt; and it is certainly found to be 
the age of gneissic rocks along the east coast, where 
some of 2400 m.y. also occur.
The event at about 1650 m.y., commonly attributed 
to the whole of an ^Eastern Ghats Belt” which was believed 
to extend into Kerala across Tamizhagam, seems to be 
rather more restricted. Ages of this order are not 
found south or west of the Nellore Mica Belt with two
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exceptions. These ages are common in Coastal. Andhra 
though that area undoubtedly contains much older rocks 
and has a more complicated history than has previously 
been believed. The exceptions are both, significantly, at 
two points along the west coast; and, equally 
significantly, are mineral ages - the 1630 m.y. phlogopite 
ages of Venkatasubramanian for Punalur in Kerala and my 
own biotite age from southern Maharashtra of 1696 m.y. 
for a southern Maharashtra gneiss biotite. I regard them 
as a mere reflection, in older rocks, of the more intense 
and widespread metamorphic events along the east coast, 
and related to the proximity of these rocks to a major 
lineament along, or more probably off shore and parallel 
to, the west coast.
These major events along the east coast culminated 
in the intense pegmatite intrusions of the Nellore Mica 
Belt, with possible representatives further north near 
Vishakhapatnam.
The next, event of consequence was the beginning of 
deposition of Cuddapah Basin sediments at 1400 + 50 m.y., 
with effusion of basic lavas shortly after. Deposition 
of the whole sequence took probably less than 100 m.y. 
and was soon followed by kimberlitic dyke intrusion both 
within and to the west of the present Basin, at perhaps
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1300 m.y. There was then a gap in deposition and the next 
event was the intrusion of dolerite dykes over a large 
area, Those in the Cuddapahs and no doubt many others, 
were intruded at about 1000 m.y. This may have been the 
time when the soda-syenites of Sivamallai were formed, 
though they could be rather older. The only dyke dated 
in the far north of Coastal Andhra at this time is an 
aplite and is more probably connected with the granitic 
activity in the north-eastern part of the Peninsula,
Deposition of the Kurnool System sediments 
certainly post-dated the kimberlitic intrusions, and 
probably post-dated the dolerites, as none are known in 
the sequence. It may have continued until the end of 
Precambrian time.
There may have been other dykes intruded in Mysore 
at about 1000 m.y. as the feldspar porphyry dykes of 
Sriringapatnam could be so old. However they could also 
at least in part have been preliminary to or associated 
with the intrusion of granitoid rocks at 700-800 m.y., 
which seems to have been widespread in Tamizhagam, which 
probably produced pegmatites in Kerala also, and extended 
as far north as Mysore City. There is no evidence of 
rocks of this age in the main part of the southern 
Peninsula.
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An event at 450-500 m.y, was widespread in the south 
and east. It is mainly an age of metamorphism and no 
intrusives are known, though pegmatites may exist in the 
south. Since that time the area appears to have been 
quiescent, though it was no doubt affected at least in 
the north by the dyke swarms of Deccan Trap age. It appears 
also, from the extreme youth of the high hill masses of 
Tamizhagam and Kerala to have been extensively faulted in 
the late Cainozoic.
4,10 East-Central Region
4.10.1 Geology of the East-Central Region
General This region is bordered on west, north and 
east by Gondwana or Deccan Trap outliers. Towards the 
coast the regional boundary is a metamorphic one 
associated with the presence of charnockites, which are 
rare within the region,
Geographically it has two divisions, the Mahanadi 
Basin in the north and the southern forested hilly region 
of Chanda-Bastar. The latter is thinly populated and has 
poor communications. The former is crossed by the 
Bombay-Calcutta railway and road.
Geologically the region is very variably known, but 
there is no doubt that the older rocks are stratigraphically 
and structurally as complex as any in India.
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Older Precambrlan ln the south in Bastar Crookshank
(1938, 1963) and Ghosh (1938, 1941) established a two 
fold succession of a lower Bengpal Series and an upper 
Bailadila Iron Ore Series, both of high grade sedimentary 
gneisses and schists, intruded by granites and some basic 
rocks.
Further north in the area east of Nagpur a Sakoli 
Series (Ball 1877a) is probably the equivalent in large 
part of the Sausar Series (Fermor 1926, West 1934) of the 
rich manganese belt north of Nagpur. These areas have 
been the subject of much recent mapping by -a va-riety of- 
geologists, including Narayanswami and Subramanyam (1959), 
Basu (1964, 1965) Basu and Sarkar (1966), much of it 
using modern structural techniques. Sarkar et al (1967) 
give radiometric data (entirely K-Ar) for some of these 
rocks.
The rest of the older Precambrian is poorly known.
Younger Precambrian Much of the Mahanadi Basin,
and a smaller area in Bastar to the south of it, is 
underlain by horizontal unmetamorphosed sediments (Ball, 
1877a, 1877b). These have been correlated rather 
uncertainly with the Cuddapah rocks, following an 
attribution to the Vindhyan by early workers. The rocks 
of the Mahanadi Basin are commonly if unwisely referred
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to as the "Chattisgarh Cuddapahs!<. (The geology of the 
whole of north-eastern India is bedevilled by improper 
extension of formation and system names from other 
regions.)
The rocks of the Mahanadi. or Chattisgarh Basin are 
divided into a lower arenaceous Chandarpur Series and an 
upper Raipur Series (Medlicott, in King 1885). The lower 
Series, thickening eastwards from 60 to 1500 m, consist 
of purple sandstones and pink or buff shales. The upper, 
which thins eastwards from 600 m to 300 m, is 
unfossiliferous limestone with shales. Occurrences of 
diamonds in this eastern area are thought to be possibly- 
related to diamondiferous conglomerates in this sequence.
In Bastar the sequence is similar, and rocks 
comparable with the arenaceous types occur in the 
Godavari Valley also, as for example the Sulluvai Series 
overlying the Pakhals.
4.10.2 Geochronology of East-Central Region
I have no data for the rocks of this region.
The still rather meagre data for this large and 
varied region are entirely associated with the structural 
and stratigraphic work of Sarkar and his colleagues.
In Sarkar et al (1964) an account was given since 
amplified in Sarkar et al (1967), where 26 K-Ar analyses
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for the Nagpur-Bhandara-Drug area are reported and 
discussed. It will be appropriate to refer to these in 
the section on the North-Eastern Region (4.11.3)
4.11 North-Eastern Region
4.11.1 Geology of North-Eastern Region
General This is the area between the Ganges,
the Son and the Mahanadi. It therefore includes in the 
south the economically very important Singhbhum area of 
Orissa, with the copper belt on its north side. It 
includes also, further north, the richest mica belt in 
India, that of Gaya, Hazaribagh and Monghyr.
Singhbhum together with the former Gangpur State 
(now Sundargarh District) forms a hilly area reaching 
1100 m a.s.l. To the north of it is the Chota Nagpur 
Plateau, about twice as large, of which the southern 
part, the Ranchi Plateau, is rather higher than the rest. 
West of Chota Nagpur is the Baghelkhand Plateau. Over 
much of this the Precambrian is obscured by younger rocks, 
but along its northern margin on the south side of the 
Son River there are outcrops and also in the south 
adjacent to the Mahanadi Basin.
Singhbhum The geology is as complex as any in 
India and very variably known, emphasis having of course 
been given to the areas of obvious economic importance.
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Because of this importance Singhbhum was the subject of 
much detailed mapping in the latter part of the period of 
British rule. The Precambrian there is divided by a 
major thrust or shear zone into a southern poorly 
metamorphosed area and a northern highly metamorphosed 
area. In both the rocks appear to be the same sequence. 
Jones (1922) worked out the succession but extensive 
revisions were made by Dunn (1929, 1937a, 1940) and 
Dunn and Dey (1942), whoso—sequence ig given in Table- 
It should be noted that thenrKolhan Series is correlated 
with the Cuddapahs.
In Gangpur Krishnan (1937) defined a Gangpur Series 
of phyllites and schists rich in lime, which he believed 
to underlie the Iron Ore Series unconformably. Recently 
Kanungo and Mahalik (pers. comm.) have shown by structural 
mapping that this sequence and the structure should be 
inverted.
Sarkar and Saha (1959, 1962, 1963) have revised 
the correlation in Singhbhum and return to the view of 
Jones that the ’’Older Metamorphics” underlie the Iron 
Ore Series. However these revisions of Sarkar and Saha, 
based on an areal division north and south of the copper 
belt are criticised by Iyengar and Alwar (1965), who 
prefer Dunn’s threefold areal division for purposes of
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correlation and among other things see no value in 
retaining the "Older Metamorphics" as a distinct unit.
It is evident that: in Singhbhum alone much remains to be 
done to clarify the succession.
Chota Nagpur This is much larger and is less
well known. It seems probable that most of it is "Chota 
Nagpur Granite Gneiss" (in the east, the former "Dome 
Gneiss" or "Bengal Gneiss"). It includes areas of 
probably younger porphyritic granite, and is crossed by 
the important Gaya-Hazaribagh-Monghyr mica belt. The 
schists of this belt have been correlated with the 
Dharwars on lithological grounds.
This is the eastern part of the so-called Satpura 
Belt (Holmes 1949, 1955) which in my opinion is an 
unfortunate term. It appears to imply the combination 
of a Sakoli Belt, a Sausar Belt, a Satpura-Ranchi Belt 
(which is the Satpura Province of Fermor 1936) and a 
Narbada-Bihar belt. As the Satpura Range is entirely in 
the Deccan Trap, it is strange that the name was ever 
applied to a Precambrian area, and the confusion over 
its northern and southern limits has made matters worse. 
At this stage there cannot be said with certainty that 
there is any real structural unity in this large and 
disconnected area, and the use of such a term is possibly
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7dangerous. I think it should be abandoned.
Baghelkhand Further west, in Baghelkhand, the 
isolated areas of Precambrian on the south side of the 
Son River have never been mapped systematically in recent 
times. They include rocks sometimes and probably unwisely 
correlated with the Bijawar Series of Vindhya-Bundelkhand. . 
These are the ’’Transitions'* of the older workers and 
further south include granites such as that of Dudhi on 
the Rihand River, a right-bank tributary of the Son.
4.11.2 Geochronology of North-Eastern Region No serious
attempt to sample was made in this region. A small 
collection of 11 samples was made as occasion permitted.
34Analyses are in Table -SB-.
GA 2643-2645 are samples of "Bengal Gneiss" from 
the Dubrajpur near the Bihar boundary. The total rock 
analysis of GA 2643 showed only rather poor to moderate 
enrichment (0.7865) so that the age of the granite would 
be about 1000 m.y. or considerably less. The analysis of 
the separated plagioclase helps to assess the age and
7Although this term is due to Krishnan - at least as 
"Satpura strike" (Krishnan 1943), probably following 
Fermor (1936), it is curious that on the map in Holmes’ 
first Indian paper (Holmes 1949 p.290) the very words 
"Satpura Belt" cover an unindicated outlier of Deccan 
Trap 300 km long and 120 km wide.’ This is rectified in 
the map in the 1955 paper, however.
TABLE 34
Analytical data for samples of rocks from the North-Eastern region
GA 
No.
Sample, locality and 
type
Rb
ppm
Common
Sr
ppm
Rb87/Sr86 Sre7/Sr86
Age at 
initial 
ratio of 
0.700 my
1702 Singhbhum Granite 
Total rock 54+ 584+ not analyzed
1703 Chilled pyroxene granite 
roof of Singhbhum Granite
Total rock 39* 44+ not analyzed
1706 Pyroxene granite, 
Singhbhum
Total rock 94+ 110+ not analyzed
1707 Gabbro, Singhbhum 
Total rock 4+ 281 + not analyzed
2643 Granite, Dubrajpur temple 
Birbhum District, West 
Bengal
Total rock 
Plagioclase
167.6
8.4
83.4
61.1
5.7975 0.7865
0.3955 0.7260
(1065)
(4583)
2644 Ditto, same locality 
Total rock 179+ 138 + not analyzed
2645 Ditto, same locality 
Total rock 129.8 117.4 3.1897 0.7532 (1191)
2646 Medium grained gneiss 
with coarser hornblende 
bands. Khadipur, 10 km 
SSE of Dumka, Santal 
Parganas, Bihar
Total rock 3+ 77+ not analyzed
2647 Charnockitic rock
Masanjor Dam
Santal Parganas, Bihar
Total rock not examined by x-ray fluorescence
2648 Dudhi Granite. Abutment 
of Rihand Dam Mirzapur 
District, U.P.
Total rock 1 75+ 381 + not analyzed
2649 Dudhi Granite 
Locality as GA 2648
Total rock 161.7 374.2 1.2471 0.7386 (2206)
+ Approximate value by x-ray fluorescence 
No Regression
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indicates a probable age of 795 + 10 m.y. with an initial 
ratio of 0.722. GA 2645 is rather less enriched and the 
absence of any plagioclase does not permit accurate 
assessment of its age, which could be expected to be the 
same as GA 2643. It does not plot linearly with the 
GA 2643 analyses so that it would appear to have a 
different initial ratio.
The Dudhi Granite was sampled following collection of 
Vindhyan material in the north. The one total rock analysis 
(GA 2649) shows poor enrichment. No real information on 
the age of the Granite can be obtained until mineral 
separation is carried out, and analysis made of*say a 
plagioclase, but it may be about 1900-2000 m.y. old.
4.11.3 General Comment on the Geochronology of the North- 
East and East-Central Regions For the North-East region 
a good many analyses are available but they are almost all 
by K-Ar and confined mostly to the Singhbhum area; the 
north remains poorly known geochronologically. Sarkar 
et al (1964) quote many analyses, some of which have been 
repeated in recent papers (Sarkar et al 1967, 1968) which 
give 40 new K-Ar results.
In summary, these papers suggest that three distinct 
orogenic cycles have been recognized in Singhbhum, ending 
at 3200 m.y., 2700 m.y. and 850 m.y. The earliest cycle
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includes the Older Metamorphics. The second cycle includes 
the Iron Ore Series and ends with the emplacement of the 
Singhbhum Granite (previously stated to have an age of 
2020-2485 m,y. in the 1964 paper). Sedimentation of the 
Singhbhum and Gangpur Groups from about 2000 to 1700 m.y. 
was followed by basic vulcanism at 1700-1600 m.y, and with 
folding and metamorphism in various phases between 1550 and 
850 m.y. Vinogradov et al (1966) gave lead isochron ages 
of 2100 + 200 m.y. for the Singhbhum Granite, but found 
K-Ar ages, apparently for total rock samples, of 1180 m.y. 
and 1460 m.y. These were for different samples than those 
giving the older age. For apatites from metamorphic rocks 
of the Singhbhum area they got lead ages of 1600 + 50 m.y. 
The same authors report an age of 960 + 50 m.y. for 12 
mineral analyses (of monazite, samarskite, crytolite, 
columbite) from six different Bihar pegmatites from the 
north of the region. They found one mineral age of 1230 
m.y. for ampangabeite from a pegmatite at Benda.
Comparison with the data from the Nagpur and 
adjacent areas shows that the Sausar and upper Sakoli 
Series rocks have ages corresponding to the last of these 
three cycles; that the Amgaon and lower Sakolis lie 
within the period 1500-1330 m.y. and that the Bailadila 
Cycle ends at 2100 m.y. It is therefore possible that
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the older Bengpal Series of Bastar is of Peninsular Gneiss 
age. It is argued that the so-called Chhattisgarh 
Cuddapahs of the Mahanadi Basin are less than 600 m.y. 
old on the basis of their overlying unconformably the 
Khairagarh Group, from which an andesite gave an age of 
637 m.y.
Assessment of these data by me is difficult as I 
do not know the areas concerned. The analyses given by 
Sarkar et al have been carried out in conjunction with 
intensive structural studies. It is at least apparent 
that the oldest rocks form a nucleus in Singhbhum, that 
an area of rocks of over 2000 m.y. exists in Bastar and 
that in the Nagpur area rocks are younger than 2000 m.y.
In general the rocks of Chota Nagpur and the northeastern 
part of the combined regions may be mostly of the order 
of 1000 m.y. or less, which is indicated by the work of 
Vinogradov et al and by the recent work of Venkatasubramanian 
et al (1968) who have dated lepidolites from Hazaribagh 
at 900 + 50 m.y.; and my own Bengal granite determination 
of 795 m.y. It should be remembered however that this 
remains a very poorly known area and the existence of 
older granitic rocks in the north is to be expected from 
the analysis of the Dudhi Granite, the maximum age of 
which is over 2000 m.y. and from the one mineral date of
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1230 m.y. given by Vinogradov et aL I suspect however 
that these older rocks will be found in the north-west 
rather than the north-east.
4.12 Shillong Plateau
4.12.1 Geology of the Shillong Plateau The Shillong 
Plateau includes the Khasi Hills, the Garo Hills and the 
Jaintia Hills of Assam, forming one great block round 
which the Brahmaputra river makes its way into Bengal.
The Mikir Hills and Rengma Hills to the north-east of 
this block are physically separate but probably similar 
geologically.
The Plateau is stratigraphically an inlier of 
Peninsular Precambrian rocks. It is surrounded by 
alluvium except on the south, where there are Cainozoic 
lavas at the foot, and on the south-east, where it meets 
the Tertiary Barail Ranges. It has a general elevation 
of 1200-1500 m and a complicated geomorphology.
The predominant rock-types are, in sequence:
(a) granitic sind sedimentary gneisses (b) the Shillong 
Series of metasediments (c) the Khasi Greenstones, 
intrusive into the previous two formations and (d) the 
Mylliem Granite. Among the gneisses are many sillimanite- 
rich types from which sillimanite is worked for use as 
a refractory.
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The Shillong Series (Medlicott 1.869) has been 
correlated with the Iron Ore Series of Singhbhum by Ghosh 
(1936, 1939, 1953), with the Bijawar Series by Fox (1950) 
and with the Dharwars by Krishnan (I960). The Mylliem 
Granite, defined formally by (Das) Gupta (1934) was 
regarded by him as "early Precambrian". It forms 
numerous bosses and is a massive pink homogeneous coarse 
biotite granite, not much foliated.
The structure of the Plateau is not well known.
The regional strike is said to be NE-SW (Krishnan 1960) 
except for the E-W trending sillimanite gneisses.
Krishnan therefore on these and other resemblances places 
it in an "Eastern Ghats Belt", though earlier he (Krishnan 
1953) regarded the Garo Hills as a continuation of the 
"Satpura Belt". Sarkar et al (1964) show "orogenic trends" 
of E-W direction on their map which according to their 
text (p.10) refer to the Shillong Series.
4.12.2 Geochronology of the Shillong Plateau In this 
area a suite of samples was collected in 1964 but they 
have not since been located. Two samples of Mylliem 
Granite were subsequently obtained from G.S.I. collections 
( GA 1708 , 1709 ) .
Total rock analysis of GA 1708 shows poor enrichment,
8 7 86with a present-day Sr /Sr ratio of only 0.7367. However
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some assessment of the age is possible as a plagioclase 
was separated and analyzed, suggesting that the initial 
ratio is 0.7095. On this basis the age is 765 + 10 m,y,
It is of interest that this age is so young. It 
is close to that of GA 2643 and to that of a detrital 
muscovite from the Nawakot nappe of eastern Nepal, dated 
using K-Ar by Krummenacher (1961), which gave an age of 
728 m.y.
4.12.3 General Comment on Geochronology of the Shillong 
Plateau Pending availability of more data little
can be said. Sarkar et al (1964) gave a K-Ar age of 
472 m.y. for a muscovite from the Shillong Series. This 
is almost certainly an age of uplift and not of emplacement. 
The 765 m.y. age for the Mylleim Granite sample while 
suggesting that the Shillong Series is at least over 800 
m.y. old is of no assistance in assessing its true age, 
which may be at least 1500 m.y. The similarity of the 
age to that of a granite from West Bengal is interesting 
in that Evans (1964) postulated a 250 km transcurrent 
movement of the Shillong Block from a position once 
contiguous with the north-easternmost corner of the main 
Peninsular block, but without much more evidence from 
ages and structurally similar patterns it cannot be 
used to support that hypothesis.
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5. CEYLON
5„X Precambrian Geology of Ceylon
5.1.1 Introduction Although Ceylon is geologically
part of the Indian Peninsular block its separate history
both as an independent nation and as a distinct part of
the British Empire led to a quite separate assessment
of its geology. Before 1952 geological work was in the
hands of a Department of Mineralogy largely concerned with
the gem industry. Mapping was mostly confined to the
recognition of major geological boundaries. Since 1952
one inch to one mile mapping has been in progress, and
though little has yet been published, mapping of about a
quarter of the Precambrian outcrop (itself about 80 per
2cent of the island1s area of 65,000 km ) is completed.
A tectonic map on a scale of four miles to the inch is 
published.
Geographically Ceylon is divisible into three zones: 
a lowland wet zone in the south-west, the Central Highlands; 
and a lowland dry zone in the north and east and south-east. 
Adams (1929) described three plains of denudation, a 
coastal plain about 30 m, a.s.l. (his ’'first peneplain"), 
a second at about 350-400 m. and a third at about 1850 m. 
from which peaks rise to a maximum of 3075 m. Each of 
the first two plains rises to the foot of the next. In
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detail the surface is very complex and is dominated by the 
structural geology«,
It should be noted that the continental shelf around 
Ceylon is rather narrower than that on the west and east 
coasts of India. Between India and Ceylon, and partly 
occupying the north-west of the island, is a major rift 
valley in which the Precambrian rocks are covered by 
Gondwana and Mesozoic and Cainozoic sediments.
Early workers included Coomaraswamy (1902a, 1902b), 
Adams (1929), Coates (1935), Wadia (1940, 1941, 1943a, b, c) 
and Fernando (1948, 1949). The work of these geologists 
led to a belief that the Precambrian was divisible into 
two main series, a Khondalite Series and an underlying 
basement complex, flanking the former on both east and 
west. In detail, Coomaraswamy in his work on the south­
west placed the wollastonite-bearing rocks there in a Point 
de Galle Group. He also recognized in Ceylon 
representatives of what Holland in India at about that time 
had described the Charnockite Series (Holland 1900).
Adams'1 work was mainly petrographic and geomorphological. 
Coates noted that the charnockites were intimately 
associated with the metasediments throughout Ceylon, and 
these he regarded as a younger main group, which he 
correlated with the khondalites in their type area in the
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Eastern Ghats of India, He recognized what he regarded 
as older gneisses in the east and to these he gave local 
names (Bintenne Gneiss, Wanni Gneiss).
Wadia (1940, 1941) investigated graphite deposits 
and distinguished highly siliceous khondalites in the 
north-east from highly aluminous types near Ratnapura 
the gem centre in the south-west. He recognized a 
twofold sequence, with a lower Vijaya Series and an 
upper Khondalite Series, subdividing each into three.
Fernando (1948a) published a brief but comprehensive 
account of the geology of the whole island. He retained 
the twofold division of Wadia but rejected the 
subdivisions and their implied sequential relationships.
He maintained the traditional view of the charnockites 
as magmatic in origin. But soon after (Fernando 1949) 
he doubted this and drew attention to the very close 
association with the metasediments first pointed out by 
Coates. However he still believed that the khondalites, 
together with the charnockites, were younger than the 
gneisses, which he grouped together as Vijayan Series. 
Among these he said there was only an apparent uniformity 
of type. Both main groups were thought to have been 
folded into a synclinorium and intruded by zircon granites 
such as those of Balangoda, rare-earth pegmatites, and
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later granitic gneisses such as the Kadduganawa Gneiss 
of the area west of Kandy; and by some truly intrusive 
charnockites .
5„1,2 R ecent mapp1ng During the middle 1950s 
geologists of the Photographic Survey Corporation of 
Canada, with local geologists, mapped part of the 
south-east in detail and prepared a tectonic map of the 
whole island from photo-interpretation and many field 
checks. As a result of this work, and the systematic 
one-mile mapping which accompanied and followed it, the 
interpretation of the geology has completely changed.
Early mapping in this period by Vitanage (1959) and 
Cooray (1961a) together with that of the Photographic 
Survey Corporation geologists led to the recognition of 
a transition zone between the eastern Vijayan and the 
khondalites in the Pollonaruwa and Rangala areas of central 
Ceylon. Subsequent mapping has confirmed this. All 
Ceylon geologists now accept that the.' khondalites pre-date 
the Vijayan, which is regarded as the product of a later 
retrogressive metamorphism and migmatization.
5.1.3 Highland Series The Highland Series as defined
by Cooray (1961b) includes the khondalite group and the 
charnockites intimately associated with it. It extends 
as a belt running from Trincomalee on the north-east
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coast to 50 km from the south coast, and includes all the 
Central Highlands of Ceylon. The khondalites included the 
following rock types 2 quartzites and quartz schists, 
crystalline limestones, calc-granulites, semipelitic and 
pelitic gneisses and schists. Sillmanite, magnetite and 
garnet are characteristic of the gneisses and phlogopite 
and forsterite of the crystalline limestones. In other 
words, the khondalites are of granulite metamorphic facies.
Within this main group are the Kaddugannawa Gneisses 
west of Kandy, which are pyroxene-bearing amphibolites 
with bands of calc-granulite and garnet biotite gneisses. 
Coates (1935) regarded these as a calcareous facies of 
khondalit e,
The Highland Series show a remarkable consistency of 
strike in any given area, the dominant strike being north- 
south but swinging to NNE-SSW in the north and to NE-SW 
then ENE-WSW in the south. Folding is open or overturned, 
with large recumbent folds. These have been altered little 
by later events.
In the south-east of Ceylon an enclave of Highland 
Series rocks forms the Kataragama Complex, surrounded by 
Vijayan rocks.
Charnockites are invariably present in the metasediments 
of the Highland Series and form conformable bodies at all
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scales. (It is for this reason that I prefer the term 
Highland Series to the use of separate terms of the 
khondalit es and the charnockites.) Narrow charnockitic 
bands are common in the metasediments and vice versa.
The interbanding is very regular and individual bands 
can often be traced for many kilometres.
There is marked parallelism between, the foliation 
planes of the charnockites and the bedding planes of the 
khondalites (Cooray 1962). Vertical dips are uncommon. 
Contorted foliation is rare except in the crystalline 
limestones. Although major recumbent folds exist, minor 
folds and minor structures generally are not common and 
when present their axes are always parallel to the major 
fold axes. Foliation is mainly due to compositional 
rather than grain-size differences and equigranular 
texture is characteristic. Most rocks are medium- 
grained, some fine-grained; coarse-grained rocks are few.
The charnockites in the Highland Series occur as 
bands, streaks or patches. They are mostly fine- or 
medium-grained and intermediate in composition. Some 
gneissic charnockite seems almost certainly to be the 
product of the permeation of basic by acid charnockite, 
the latter often being coarser-grained.
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Intrusive charnockites are rare except in the 
transition zone, as are charnockite biotite gneisses.
5.1.4 Vijayan Series The Vijayan Series occurs in
two separate belts east and west of the Highland Series 
outcrop, from which they are separated by transitional 
zones and no sharp stratigraphic or structural features.
Eastern Vijayan This group covers nearly all 
the island east of a north-south line joining Trincomalee 
with Hambantota, the Kataragama Complex in the south- 
east being excluded.
This area in the so-called ’’dry zone” of Ceylon 
is of lower relief than the Central Highlands (though 
it has many substantial hill masses rising from the 
plain) and is thinly populated and poorly served by 
communications. It is not well known geologically and 
little systematic mapping has been done so far except in 
the Polorrnaruwa and Rangala areas in the central part. 
There, most rocks are microcline-bearing biotite and 
hornblende gneisses of granodioritic or granitic 
composition. They have been affected by several phases 
of migmatization (Vitanage 1959a). Cooray (1962) points 
out that the granitic element, though widespread, is 
clearly separate and later; it may be the equivalent of 
the Tonigala Granite of western Ceylon. A few relict
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bands of metasediments occur,
The rocks are banded and foliated but very much less 
regularly than those of the Highland Series, Fold axes 
are difficult to trace, as is very evident from the map 
of Oliver (1957), Flat-lying structures and domes are 
common. Many minor structures exist, with no predominant 
pattern. Much shearing and flow folding has taken place; 
ptygmatic veins are common, Basic rocks where present 
have suffered boudinage.
West ern Vij ayan Similar rocks occur in the
western part which extends as a wide belt from the north 
coast through the Anuradhapura District to the area 
between Colombo and Kandy, where it appears to interfinger 
with the Highland Series. In the central part of this 
belt the Ton 1 ga 1.a Comp 1 ex of pink microcline granite and 
migmatitic gneiss is dominant. This appears to be younger 
than the biotite-rich granodioritic types.
As in the east, folding is irregular. The area is 
more difficult to map because of greater soil and forest 
cover in the damper climate,
5.1.5 Relations between the Highland. Series and the 
Vi jay an Series The recognition of relict, metasedimentary
bands in the Vijayan together with the confused pattern of 
migmatization and granitization suggests either that the
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Highland Series, formed by an earlier orogenic metamorphism, 
was in part converted to a polymetamorphic group as 
suggested by Cooray (1964); or that a series now 
unrepresented in its original form, but also metamorphosed 
earlier, was so converted,, The transitional zone on the 
east side of the Highland Series is one marking the limits 
of the granitization and migmatization, which would not 
be sharpc On the western side, Pattiaratchi and Herath 
(1962) found no comparably definable transitional zone 
but relationships are essentially similar.
5.1.6 South-western Ceylon Much recent mapping has 
been done in the south-west, which from the first has 
seemed distinctive in its geology. Certain features of 
this area are peculiar to it: the presence of cordierite,
banded sedimentary ironstones, wollastonite and scapoliteA.
calc-gneisses instead of crystalline limestones, definitely 
intrusive charnockites, zircon granites and monazite 
granites. The area is apparently bounded on the north­
east by a continuous belt of basic rocks of high magnetic 
intensity.
Only the northern part of this south-western area 
has so far been mapped. On the whole it is comparable 
neither with the Highland Series nor the Vijayan Series 
but with the transitional zone between them on the east
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side of the Highland Series outcrop. The south-western 
area could represent migmatized Highland Series rocks 
of rather different original sedimentary facies from the 
Highland Series now exposed in the Central Highlands. The 
area has many characteristics in common with that part of 
southern India in Tamizhagam (former Madras State) nearest 
to it, and to southern Kerala,
501„7 Dykes Relatively few dykes are known in Ceylon, 
Dolerite dykes are found crossing the east-central part 
of the island striking in a north-westerly direction.
Cooray (1961a, 1962) has described briefly post-tectonic 
dykes intruding the Highland Series in central Ceylon and 
granitic dykes in the Tonigala Granite which are texturally 
and mineralogically identical with it.
5.2 Geochronology of Ceylon
5.2.1 General One hundred and fourteen samples were
collected. Fifty five total rock and 22 mineral analyses 
have been made. In addition, Dr A.W. Webb made ten K-Ar 
analyses of hornblendes.
The difficulty in making a geochronological study of 
Ceylon is that apart from the major division into the 
Highland Series and. the Vijayan Series, with the distinct 
Tonigala Granite in the north-west, collection of samples 
cannot be made from areas certainly known tobeco-eval
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except on the most local scale. Even then there is sometimes 
an element of doubt. This of course is because the 
Precambrian of Ceylon is almost entirely metamorphic and 
of probable heterogeneous origin. If the results came 
invariably from samples highly enriched in radiogenic 
strontium there would be no real problem,as classification 
of them into well-defined time groups would establish the 
existence of particular periods of metamorphism. Results 
for poorly enriched samples are unfortunately fairly 
common, and the problem is then where to attribute these 
samples in well-established groups.
The data have therefore been examined closely in 
relation to rock type and location. Those for the Tonigala 
Granite, for example, can be readily set apart. Equally, 
the rocks from the Kataragama Complex can be placed 
together and in fact give an excellent isochron (it would 
not however have been surprising had they not, as there 
is no good reason to assume that the Complex is 
homogeneous and synchronous). I have also been able to 
establish two groups of very young ages, a first on micas 
and a second including both micas and total rocks from 
samples believed on good geological grounds to be young.
The rest of the data have then been grouped according to 
apparent age, and will be discussed as such. It must
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nevertheless be understood that the transfer of samples 
from one group to another may be necessary on the grounds 
that differences in initial ratio affect calculated ages, 
and these differences affect them all the more when 
enrichment is low. In general, it has been possible to 
distinguish age groups which geographically parallel the 
division into the Vijayan and Highland Series. Within 
each of these two major groups there appear to be finer 
time divisions, but they are not always easy to establish. 
The Vijayan grouping is an age of retrogressive 
metamorphism and migmatization at about 1150-1250 m.y. 
and it may be possible to split this into a series of 
events within this time range, or a somewhat longer one. 
The Highland Series on the other hand is everywhere older 
than 2000 m.y. and appears to include rocks very much 
older than that up to and possibly more than 3000 m.y. 
old. There appears also to be a distinct group of mainly 
charnockitic rocks having an age intermediate between 
the earliest age of Vijayan metamorphism and migmatization 
and the latest date of Highland Series metamorphism.
The data will be discussed from the youngest to 
the oldest.
5.2.2 Event at about 400-500 m.y. Six mica analyses
give maximum indicated, ages of between 410 and 520 m.y.
TABLE 35
Analytical data for Ceylon micas about 450 my old
GA
No.
Sample, locality and 
type
Rb
ppm
Common
Sr
ppm
Rb87/Sr86 Sr87/Sr86
Age at 
initial 
ratio of 
0.700 my
1604 Pegmatite in granite 
gneiss. Tammita, Gampaha 
sheet
7°15'30", 79°59'50" 
Biotite 1509.6 18.5 234.7779 2.2197 464
1607 Biotite gneiss. 
Hiripitiya Gampaha sheet
7°9'50", 80°2'50" 
Biotite 818.9 7.0 339.0322 2.9162 469
1613 Biotite gneiss. 
Kadduganawa Kandy sheet
7°15»10", 80°30'10" 
Biotite 697.1 9.4 213.5965 2.1346 481
1617 Charnockite forming auge 
in garnetiferous biotite 
gneiss. Nalanda Dam 
quarry Nalanda sheet
7°40’50", 80°37'20” 
Biotite 288.1 11.3 73.6017 1.2328 519
1679 Crystalline limestone 
with forsterite and 
phlogopite 
Talkole Oya 
Polonnaruwa sheet
8°2'30", 80°49'40" 
Phlogopite 554.0 5.8 273.6714 2.5606 487
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(Table 35 and GA 1627 biotite in Table 38). These micas 
are from samples widely distributed in the north-west, 
west and centre of the island.
The youngest is the GA 1627 biotite, i.e. from the 
vein in the GA 1626 Tonigala Granite. This sample has 
a maximum indicated age of 411 m.y. , so that it is very 
different in age from the Tonigala Granite, for which 
the total rock isochron is 985 + 30 m.y. The five samples 
listed in Table 35 are biotites from a variety of rocks 
spread across north-western and central Ceylon. GA 1604 
and GA 1607 are from a pegmatite and a biotite gneiss 
in the Gampaha sheet area, both being rocks regarded by 
the Geological Survey as part of a younger suite; GA 1613 
biotite is from a typical Kadduganawa Gneiss of the area 
west of Kandy; GA 1617 biotite is from a charnockite lens 
in a garnetiferous gneiss typical of the Highland Series; 
and GA 1679 is from a crystalline limestone in the 
Polonnaruwa area mapped by Vitanage (1959) as part of the 
Khondalite Series, i.e. equivalent to the Highland Series. 
Thus, together with the GA 1627 biotite from the Tonigala 
Granite, the samples come from rocks of all possible ages. 
Their total rock ages, or those of other associated 
formations, will be shown to be widely different from
each other.
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It would therefore appear that there is a widespread 
"overprint” reflecting an event of about the 400-500 m.y. 
period. Whether it is possible to say that this event in 
fact had several episodes is rather difficult. The range 
of maximum indicated ages may be a valid expression of the 
duration of the event as a whole, or it may be deceptive. 
This is less due to any likelihood of reducing the range 
by assumptions of varying initial ratios (which, with 
such well-enriched minerals would have to be improbably 
high in some cases to effectively reduce the range) than 
to the possibility that differences in depth and so in 
rates of cooling - or some comparable question of 
interpretation - explain the range. It is noteworthy 
however that assuming no real difference in initial 
ratios, there is a geographically interesting distribution. 
GA 1627 biotite (410 m.y.) is the most north-westerly 
sample and that nearest the concealed south-eastern 
boundary of the rift valley which almost certainly lies 
between India and Ceylon. The GA 1604 and 1607 biotites 
come from the western part of the island to the south 
of 1627 and rather further away from this structure.
The other three samples are from central Ceylon. Of them, 
that from the charnockite, with the highest maximum 
indicated age (520 m.y.) is the least enriched and if its
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initial ratio was assumed to be greater than 0,700 by a 
quite reasonable amount its true age would then be the 
same as those of GA 1613 and GA 1679, i.e. about 485 m.y. 
As the ages on this assumption increase away from the 
structure, and are higher in the Highland Series rocks 
than in the western Vijayan and the Tonigala Granite, I 
do not believe that any differences between them are due 
to different rates of cooling, for if they were the ages 
would surely be likely to decrease eastwards into the area 
of higher-grade metamorphism. I think they are in some 
way related to the nearness to an area of tectonic 
instability, and that perhaps the event of about 480 m.y. 
in the whole area has been obscured by a more recent 
event which affected Gampaha and the Tonigala Granite, 
and a third, still more recent, which affected only that 
Granite. But to be sure of this several more analyses 
ought to be made, and also analyses of biotites from 
southern and eastern Ceylon, where also I would expect 
to find that whatever happened in detail, the general 
overprint of this 400-500 m.y. activity will everywhere 
be found.
5.2.3 Event at 650-750 m.y. (Table 36) Two total 
rock analyses (GA 1603, 1604) and three mineral analyses 
(GA 1605, 1606 and 1616) give maximum indicated ages
Analytical data for Ceylon samples about 700 my old
GA Sample, locality and Rb CommonSr Rb87/Sr86 Sr87/Sr86 AgeNo. type ppm ppm
1603 Granite gneiss, 
Tammita, Gampaha sheet
7°15 * 30", 79°59'50"
Total rock 281.2 167.3 4.8508 0.7479* 7070.7451 666
1604 Pegmatitic vein in 
GA 1603
Total rock 286.7 143.6 5.7605 0.7531* 6610.7542 674
Microcline 287.2 110.5 7.4991 0.7662 632
1605 Amphibolite
Hiripitiya, Gampaha sheet
7°9'50” , 80°2,50" 
Biotite 157.8300 2.1922 675
1606 Granite, Hiripitiya 
(intrudes GA 1605)
Total rock 393.2 1.3650 0.7122 *
Oligoclase 3.4 223.6 0.0444 0.7090 -
Microcline 386.5 501.7 2.2225 0.7245* 0.7231
(790)
1616 Garnetiferous biotite 
gneiss. Nalanda Dam 
quarry, Nalanda sheet
7°40'50", 80°37'20" 
Biotite 681.1 3.9 505.0073 5.8044 723
Analysis of unspiked sample
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in the region of 650-750 m.y. The two total rocks are
among those regarded by the Ceylon Geological Survey as
part of the younger suite in the Gampaha area. One,
GA 1603, is a granite gneiss at Tammitta and using the
87 8 6 Tmore reliable unspiked Sr /Sr value gives a maximum 
indicated age of 670 m.y. GA 1604 is a pegmatite vein 
in 1603 and gives a maximum indicated age of 670. Neither 
sample is well-enriched (present-day ratios 0.7451, 
0.7542), but I suggest that these rocks are likely to 
have low initial ratios and have true ages of about 
650 m.y.
The GA 1605 biotite is from an amphibolite of the 
Gampaha sheet area, this rock being regarded by the 
Survey as of the older suite which was intruded by 1603 
and 1604. If biotite has a maximum indicated age of 
675 m.y. and I suggest that its age is the same as that 
of the 1603 and 1604 rocks and reflects the period of 
their intrusion. The rock GA 1606 is also one of the 
supposedly younger suite. Its total rock analysis gives 
a present day ratio so very low that it is worthless for
^Most of the Ceylon data in the GA sequence 1603-mid 
1600s were obtained, in 1965-66 using an Sr ’’double spike” 
and for these it was usual to makg^an ”gnspiked” run as 
a check against the calculated Sr /Sr value.
210
age determination, but the microcline age is 790 m.y. at 
0,700 and it could imply that the age of the rock is 
much that of 1603 and 1604,
The GA 1616 biotite from the Highland Series of 
north-central Ceylon is very enriched and its age of 
720 m.y. must be near its true age. Its age is therefore 
appreciably different from the Gampaha ages, and it is 
in any case anomalous in relation to the GA 1617 biotite, 
from a lens in the same rock. I can only suggest that 
the lens is perhaps a form of boudin which was formed at 
about 480-520 m.y. and that the biotite in the main rock 
managed to avoid being disturbed by this event. Such a 
facility for resistance in a mineral notoriously liable 
to show changes seems improbable. The anomaly is unlikely 
to be satisfactorily explained without a detailed 
examination of the rock as a formation, and indicates 
only too well the possible complications of dating 
metamorphic rocks and the need to carry out localised 
detailed studies to supplement the reconnaissance 
type dating that I have had to concentrate upon.
5.2.4 Possible event at about 900 m.y. Table 37 lists 
six analyses which give maximum indicated ages that are 
of the order of 900-1000 m.y. The samples are from 
widely separated parts of Ceylon. The GA 1607 orthoclase
TABLE 37
Analytical data for Ceylon samples apparently about 900 my old
GA 
No.
Sample, locality and 
type
Rb
ppm
Common
Sr
ppm
Rb87/Sr86 c 87 86Sr /Sr
Age at 
initial 
ratio of 
0.700 my
1607 Biotite gneiss 
Hiripitiya, Gampaha sheet
7°9,50", 80°2'50" 
Orthoclase 320.7 1034.9 0.8942 0.7104^
0.7133 (1063)
1611 Metasomatized medium to 
fine grained granite 
Mampita, Gampaha sheet
7°14'15", 80°16'15" 
Total rock 98.0 41.9 6.7449 0.7922 976
1643 Augen gneiss 
Kataragama sheet
Total rock 
K-f eldspar
277 1 
454
106 9 
164
7.4770 0.8095
not analyzed
1046
1672 Granite gneiss, Ala^wa 
Railway cutting 41 /4
miles from Colombo on 
Kurunegala road. Gampaha 
sheet
Total rock 
K-f eldspar
346. 5 
636.6
13.7
20.6
72.8848
89.2385
1.6447
1.8173
926
895
1686 Biotite gneiss, Vakaneri 
Vakaneri sheet
7°55'45", 81°25’55"
K-f eldspar 416.8 503.8 2.3869 0.7311 (933)
1687 Pegmatite in GA 1686
Total rock 323.6 283.1 3.2991 0.7527# 
0.7*18
(1140)
(906)
+ Approximate value by x-ray fluorescence 
* Analysis of unspiked sample
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is extremely poorly-enriched and its maximum indicated 
age is unmeaningful. The sample is from a biotite gneiss 
at Hiripitiya which is regarded by the Survey as of the 
younger suite of the Gampaha sheet« It would be 
reasonable to suggest that this rock has an age of the 
same as GA 1603 and 1604; the analysis is unhelpful,
GA 1611 is much more enriched, but still only moderately 
so, and it too is in the younger Gampaha group and with 
its present-day ratio of 0o7922 its initial ratio needs 
only to be as much as 0,720 to have an age which would 
fit that group at about 650 m.y,
The augen gneiss GA 1643, from the south-east of 
the island is rather better enriched and I believe that 
it is truly older while not being sufficiently old to be 
within the 'Vijayan* group. It could be crudely equivalent 
to the Tonigala Granite in age at about 980-1000 m.y.
GA 1672 is from Alawwa on the southern edge of the 
Gampaha area and it is a well-enriched rock. Its 
maximum indicated age of 930 m.y. and its granitic 
character suggest that it might again be crudely of 
Tonigala Granite age, but slightly younger than the main 
body, which lies well to the north. The K-feldspar is 
comparable.
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GA 1686 is a biotite gneiss from Vakaneri on the 
east side of Ceylon, Its K-feldspar is very poorly 
enriched and attribution is difficult, quite apart from 
the great difficulty of interpreting K-feldspar ages, 
which are so often variably different from the total 
rock ages. The total rock age of this sample is 1360 at 
0,700 but it too has a low enrichment so that the 
attribution of the rock remains difficult.
GA 1.687 total rock, a pegmatite in GA 1686, is 
also poorly enriched at 0,7418 (unspiked value). This 
gives a maximum indicated age of 906 m.y. It could be 
that this also is a local representative of a granitic 
episode crudely of Tonigala Granite age, but this cannot 
be proved.
There appears then to be uncertain evidence for a 
widespread event at approximately 900 m.y. The evidence 
suggests that approximate equivalents of the Tonigala 
Granite may exist in eastern and south-eastern Ceylon, 
and that their ages are probably rather younger than 
that of the Granite itself.
5.2.5 Tonigala Granite (985 + 30 m.y.) (Table 38) Five 
samples of Tonigala Granite have been analyzed and give 
unquestionable evidence of granitic intrusion post-dating 
the ’Vijayan* metamorphism and migmatization, Two of
TABLE 38
Analytical data for samples from the Tonigala Granite. Ceylon
GA 
No.
Sample, locality and 
type
Rb
ppm
Common
Sr
ppm
n,87/c 86 Rb /Sr Sr87/Sr86
Age at 
initial 
ratio of 
0.700 my
1624 Pink medium-grained 
granite. Quarries 
west of Puttalam- 
Kurunegala road at 73rd 
m.p. Puttalam sheet
7°58'40", 79°54'40" 
Total rock A 117.6 0.8734*
1625
B
Pink medium grained 
granite same locality 
as GA 1624
181.4 44.5 11.7294 0.8705^
0.8644
1038
1001
1626
Total rock
Medium-fine grained pink 
granite. Quarry west 
of Puttalam-Kurunegala 
road at 66th m.p. 
Galgamuwa sheet
7°54'25", 79°59'
181.6 38.1 13.7524 0.8944 1010
1627
Total rock
Vein in GA 1626
(Quartz-f eldspar-mica-
hornblende)
143.3 464.5 0.8904 0 .7156* 
0.7150
(1250)
(1202)
Total rock 97.9 671.6 0.4207 0.7109# 
0. 7108
-
Biotit e 860.5 7.7 324.1846 2.5581 411
1628
K-f eldspar
Medium to fine grained 
pink granite 1 km south 
of GA 1626
7°54'5" , 79°59'17"
210.3 514.9 1.1785 0.7163# 
0. 7166
(989)
(1009)
Total rock 1 50. 5 515.3 0.8429 0.7166 
0.7140
(1400)
(1009)
Regression 38 
Isochron W
Isochron age for the five total rock
Initial ratio
MSWD
* Analysis of unspiked sample
analyses 985 + 30 my (Model III) 
0.7033 + 0.0026 
13.88
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these samples are moderately well enriched, GA 1624 giving 
a maximum indicated age of 1000 m„y„ and GA 1625, 1010 m.y. 
When plotted as a group the isochron is of Model III type, 
indicating slight differences of initial ratio (which is 
to be expected for samples collected over such a wide area) 
and giving an age of 985 + 30 m,y. The MSWD of the Model 
I isochron is 13„88. The initial ratio of the Model III 
is 0.7033 + 0.0026, which is appropriate for a granite of 
this type, probably a high-level sheet.
This granite as a definite body with known 
geographical limits of outcrop is restricted to the north­
western part of the Precambrian. Granites of similar 
type but of much more local occurrence, and thought to be 
of the same age, are found in other parts of the island, 
both to the south of the Tonigala area, in the Gampaha 
district, and also in the eastern belt of Vijayan rocks. 
None of these have been sampled sufficiently to demonstrate 
equivalence of age other than that mentioned in the 
preceding section, It is possible that the zircon 
granites such as those of Loluwa, which are thought to 
be the youngest of the Gampaha rocks, are in this category. 
It appears from the data that they are not so young as 
the Tammitta Granite gneiss (GA 1603 and 1604) but the 
Ceylon Geological Survey accepts that this could be true.
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However, they may be younger than the age of Vijayan 
metamorphism and migmatization, although that period is 
insufficiently precisely defined to say that the data for 
GA 1671, the Loluwa zircon granite, ought to be excluded. 
It was proposed, after the Survey recently discovered 
further zircon granites (all of which with the Loluwa 
rock form a linear belt extending northwesterly) to 
obtain samples of all exposures; but this has not yet 
been practicable.
5.2.6 Vijayan Event at about 1150 m.y. In addition to 
GA 1671, the Loluwa rock, 12 samples give maximum 
indicated ages which are between .1080 and 1270 m.y. The 
results are listed in Table 39. There is a marked 
concentration of these in the eastern Vijayan belt; 
others are in the western part of the Gampaha sheet, i.e. 
in the western Vijayan. A minority occur within the 
Highland Series outcrop and two of these are from 
Maskeliya Dam and have rather higher maximum indicated 
ages than the rest. These samples unfortunately vary 
greatly in present-day ratio and the western (Gampaha) 
ones are particularly low. Dealing first with those 
from the east (GA 1690, 1961 and 1693), GA 1690 is a 
gneissic charnockite from the Westminster Abbey sheet 
and is the least enriched at 0.7467; its age could well
TABLE 39
Analytical data for Ceylon samples about 1150 my old
GA Sample, locality and
No. type
Rb
ppm
Common
Sr
ppm
Rb87/Sr86
Age at 
87/q 86 initial 
r r ratio of 
0 .700 my
1609 Granite gneiss, quarry at
Ambasgaspitiya, Gampaha 
sheet
7°4»50", 80°5'10" 
Total rock 159.2
K-feldspar 
Biotite
318*
329
1610 Coarse granite gneiss, 
GA 1609 locality
Total rock 
K-f eldspar
209.4 
227. 7
Biotite 359+
1619 Feldspar biotite gneiss 
Dambulla quarry, Dambulla 
sheet
7°52', 80°38'35"
Total rock 
K-f eldspar 
Biotite
83+2
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527
1635 Garnetiferous intermediate 
charnockite, Unakuruwa,
Matara sheet
6°0'15", 80°45'45'45"
Total rock 339.0
1644 Augen gneiss, Kataragama 
sheet
Total rock 
K-feldspar
262.2
493.4
1670 Garnet cordierite biotite 
gneiss with basic bands 
and granitic veins, partly 
migmatized, Walpitta,
Gampaha sheet
7°15'25" , 80°2'25"
Total rock 95.8
Plagioclase
Biotite
Nil +
560
1671 Zircon granite, Loluwa, 
Gampaha sheet
7°16'20", 80°5'10" 
Total rock 195.9
K-feldspar 350.1
Biotite 332+
1673 Muscovite biotite 
sillimanite gneiss 
Kurunegala-Matale rd. 
Kurunegala sheet
7°33'30", 80°36»15" 
Total rock 
Muscovite
114 1 
498
1674 As GA 1673, saune locality
Total rock 140.1
352.5
S?:
1.3037 0.7197*
0.7216
not analyzed 
not analyzed
(1081)
(1181)
345.7 1.7478 0.7274 (1118)
438.0 
nil +
1.5004 0.7233*
0.7226
not analyzed
(1109)
(1076)
166*1 
463+
4
1.4456 0.7256
not analyzed 
not analyzed
(1261)
383.2 2.5528 0.7398
0.7401
(1113)
(1122)
81.0 9.3348 0.8469 1123
155.8 9.1383 0.8474 1151
248.0
l£:
1.1150 0.7202*
0.71 79* 
0.7113
not analyzed
(1289)
(1147)
219.5 2.5760 0.7423
0.7425* 
0.7427 
0.7425
(1173)
(1178)
(1182)
(1178)
385.8
5+
2.6184 0.7417
0.7413
not analyzed
(1135)
(1126)
151 5 
43
2.1729 0.7420
not analyzed
(1377)
154.6 2.6161 0.7449 (1226)
(Continued on next page)
TABLE 39 (Continued)
GA
No.
Sample, locality and 
type
Rb
ppm
Common
Sr
ppm
Rb87/Sr86 c 87 /c 86 Sr /Sr
Age at 
initial 
ratio of 
0.700 my
1690 Gneissic charnockite 
Yalpotta, Westminster 
Abbey sheet
6°52'25'', 81°44'55" 
Total rock 158.9 167.3 2.7410 0.7470^ 
0.7467
(1223)
(1216)
1691 Pink biotite gneiss 
containing garnet 
4 km E of Slyambaladuwa 
Westminster Abbey sheet
6°54'35", 81°35•10" 
Total rock 
Biotite
269 + 6 
1090
89.9
5
8.6556 0.8451
not analyzed
1196
1693 Biotite gneiss with rare 
garnet and micro-pegmatites 
0.5 km W of Monaragala 
Dagoba, Passara sheet
6°54'20", 81°20'25"
Total rock 225 4
Biotite 1010
85+6
3
7.5945 0.8220
not analyzed
1147
2509 Grey acid garnetiferous 
gneiss, Maskeliya Dam
6°50'42" , 80°32'47" 
Total rock 164.6 86.7 5.4760 0.7949 1236
2510 As GA 2510, 5 m south 
along same band
Total rock 158.7 77.9 5.8760 0.8045 1268
+ Approximate value by x-ray fluorescence 
Regressions 39, 40, 41 
Isochron X
Isochron ages: Whole group (excluding GA 1670, 2509, 2510)
Age 1147 + 60 my (Model IV)
Initial ratio 0.70l2 + 0.0023 
MSWD
V
IJ
A
Y
A
N
 
G
R
O
U
P
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be less than the maximum of 1215 m cy„ and the same as 
that of GA 1691 a pink biotite gneiss from the same area 
(1200 m.y.) or even that of GA 1693 (1150 m.y.) The 
latter two rocks are moderately enriched..
In the south-east, GA 1644 from the Kataragama 
sheet is comparably moderately enriched (0.8469) and 
has a maximum indicated age of 1120 m.y.; the K-feldspar 
of this sample gives a very similar result. All these 
rocks are of amphibolite facies and may be said to be 
typically Vijayan.
In the west samples are from the Gampaha sheet 
area. GA 1609 is the Ambasgaspitiya granite gneiss.
Its enrichment is low and its attribution rather 
uncertainly Vijayan, though as the Survey geologists 
place it in the lower part of their younger suite and 
it is of amphibolite facies it would be placed in the 
Vijayan. This rock in common with GA 1610 shows 
mobilisation of alkali feldspar according to R.L. Oliver 
(pers. comm.) GA 1670, a garnet cordierite biotite 
gneiss from Walpitta, is also poorly enriched at 0.7179. 
It too is in the lower part of the Survey’s younger 
group. GA 1671, the Loluwa zircon granite, has already 
been mentioned and though better enriched at 0.7425 
cannot be certainly placed in this group but in so far
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as the Survey think it the youngest rock of all it at 
least can scarcely be put in an older group, and its 
age must be accepted as 1140 m.y. or less.
There remain samples from three areas. GA 1673 
and 1674 are both samples of muscovite biotite sillimanite 
gneiss from the Kurunegala sheet and therefore from what 
is normally thought of as Highland Series outcrop. They 
give somewhat different results (maximum indicated ages 
of 1230 and 1380 m,y.) but in that part close to the 
western Vijayan. These ages are sufficiently different 
to suspect some error, but it is not unreasonable to 
expect to find some young ages in the predominantly 
older Highland Series terrain, especially near the 
boundary of the Vijayan, for that boundary, as was shown 
in the field mapping, is not by any means sharp.
GA 1635 is a garnetiferous intermediate charnockite 
from the south coast. It is only poorly to moderately 
enriched at 0.7401, with a maximum indicated age of 1120 
m. y .
Two samples of the same band of grey acid 
garnetiferous gneiss from the southern part of the 
Central Highlands at Maskeliya Dam (GA 2509, 2510) are 
among the better-enriched samples and give maximum 
indicated ages of 1240 and 1270 m.y. These again are
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from the Highland Series outcrop and are associated at 
the same locality with much older rocks. I would regard 
them as local evidence of Vijayan-type migmatization of 
selected zones more amenable to changes of this kind than 
the rest of the sequence, which has retained its 
mineralogical characteristics and its old age.
Regression of this group as a whole is questionably 
valid, as the rocks are from widely different areas and 
may be expected to have different initial ratios. In 
fact, regression of ten analyses (i.e. excluding the 
Maskeliya samples) gives an isochron with a mean square 
of weighted deviates of 18.67, which seems surprisingly 
low for so possibly varied a suite. A Model IV age is 
recommended, at 1150 + 60 m.y., with an initial ratio of 
0.7012 + 0.0023.
Some experiments were tried. A division of the 
group into eastern and western Vijayan samples did not 
improve the isochrons, and restriction of say the 
eastern samples to a group which might be thought to be 
co-eval (e.g. GA 1690, 1691 and 1693) increases the MSWD 
to 33.22; the age remains much the same at 1150 m.y, on 
a Model II isochron but; the range of possible ages on 
either side of this figure becomes very high partly 
because of the small number of samples.
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A division of the population into those possibly 
slightly older and slightly younger was also tried. It 
is possible to draw an isochron at 1140 + 60 m.y. for 
a later, and 1190 + 35 m.y,, for an earlier Vijayan event, 
with MSWD of 3.79 and 5.90 respectively. These have 
four samples in the later and six in the earlier 
population. But for the number of samples there is no 
statistically significant decrease in MSWD in either 
case. Only by reducing the older group to four analyses 
is it possible to make a significant reduction - GA 1619, 
1674, 1690 and 1691 will regress to a Model I isochron 
with a MSWD of 0.24, giving an age of 1180 + 40 m.y. and 
initial ratio of 0.7015 + 0.0016. The remainder however 
(excluding GA 1670) give a Model IV isochron at 1120 + 35 
m.y. with an initial ratio of 0.7012 + 0.0021; the MSWD 
being 11.88. These statistical experiments seem to be 
little more than exercises and the fact is that there 
are insufficient numbers of analyses to make them worth 
while. Until more are available, it must be accepted 
that although there is no doubt of the existence of an 
important event with an age of say 1150 + 50 m.y., and 
that that event is the radiometric reflection of the 
Vijayan retrogressive metamorphism and migmatization, it 
is not yet possible to define it more accurately or to 
say whether it took place in some pulsating manner.
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5.2.7 Samples apparently older than 1200 m.y. and 
younger than 2000 m.y. (Table 40) Nine samples are 
in this category. Many of the rocks are charnockitic.
The group may not be of one age, but variations 
in present-day ratio make this difficult to assess.
GA 1633 and 1634 are acid and basic charnockites from 
the south coast which as they are associated might be 
expected to have the same age. They give maximum 
indicated ages of 1306 and 1293 respectively and are 
perhaps about 1250 m.y. old, GA 1686 and 1688 are much 
less enriched and though both are biotite gneisses from 
the east coastal region they are not necessarily co-eval 
although their maximum indicated ages are of the same 
order (1360 and 1400 m.y.). The remaining sample in 
this immediately apparent group at 1250-1300 m.y. is 
GA 1608, a cordierite gneiss from Godakalana, Gampaha 
sheet. Although this is very poorly enriched its field 
relations suggest an older age than the Vijayan rocks. 
Metamorphically it is of low granulite facies, which 
supports a suggestion of an age older than Vijayan.
Regression of these five samples although 
questionably legitimate gives a Model II isochron at 
1260 + 40 m.y., with initial ratio of 0.7022 + 0.0011 
(MSWD, 1.51).
TABLE 40
Analytical data for Ceylon samples apparently older than about 
1200 my and younger than 2000 my
GA
No.
Sample, locality and 
type
Rb
ppm
Common
Sr
ppm
Rb87/Sr86 Sr87/Sr86
Age at 
initial 
ratio of 
0.700 my
1608 Cordierite gneiss 
Godakalana quarry 
Gampaha sheet
7°16'20" , 80°5 * 10" 
Total rock
K-feldspar
68.2
179.6
226.9
227.8
565.0
0.8678
0.8642
0.9172
0.7197 
0.7176* 
0.7174 
0.7176* 
0.7172
(1617)
(1447)
(1436)
(1371)
(1335)
1633 Acid charnockite, 
Ahangama 21 km E of 
Galle, Galle sheet
5°58• , 80°22' 
Total rock 146.8 100.3 4.2204 0.7770*
0.7773
1300
1306
1634 Basic charnockite 
Same locality as GA 1633
Total rock 131.0 113.8 3.3209 0.7600 
0.7602
1289
1293
1659 Intermediate charnockite 
Berragalla, Haputale sheet
6°45•50", 80°54'50"
Total rock 114.5 209.5 1.5767 0.7340 (1533)
1649 Migmatized charnockite^ 
Pannungarouwa Wewa, 16 /4
miles N of Hambantota 
Kataragama sheet
6°18'30” , 81°13 * 35” 
Total rock 90.9 276.9 0.9473 0.7238 (1787)
1677 Basic boundin in garnet 
biotite gneiss**CjA 1676 
Habarane, Polonnaruwa sheet
8°2'15", 80°45*35" 
Total rock 173.1 100.8 4.9565 0.8191*
0.8192
1709
1710
1680 Strongly lineated charnockite 
Talkole Oya, Polonnaruwa sheet
8°2'30" , 80°49’40" 
Total rock 242.1 189.3 3.6893 0.7826
0.7816
1592
1573
1686 Biotite gneiss, Vakaneri 
Vakaneri sheet
7°55'45", 81°25'55" 
Total rock 107.5 233.3 1.3301 0.7256 
0.7254
(1370)
(1363)
1688 Biotite gneiss,
Rukam sheet
7°39'40", 81°29'40" 
Total rock 106.8 235.0 1.3111 0. 7257 (1396)
* Analysis of unspiked sample
Regression 41A 
Isochron Y
Isochron age 
Initial ratio 
MSWD
1260 + 40 m.y. 
0.7025 + 0.0013 
1.51
0.
70
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This then leads one to add the data for GA 2509 and
2510, (from the same band of rock), which have maximum
indicated ages of 1236 and 1268 and are apparently the
oldest of the Vijayan suite or to be regarded as part of
a separate slightly older suite. This addition results ¥
in a statistically significant increase in MSWD to 6.37.
GA 1659, an intermediate charnockite from the 
Haputale sheet (south coast) has a maximum indicated age 
of 1530 m.y. but is poorly enriched (present day ratio 
0.7340). GA 1649 from not far away on the Kataragama 
sheet is less enriched still and its maximum indicated 
age of 1790 m.y. can be much too high. Both these rocks 
could well be of the same age as GA 1633 and 1634 and 
geologically are in the same general category.
Two other samples are more enriched. GA 1677 is 
a total rock analysis of a basic boudin in GA 1676, 
which is a garnet biotite gneiss from the Khondalite 
Series of Vitanage (1959) in the western part of the 
Polonnaruwa sheet, and which itself has a much higher 
age. GA 1677, with a present day ratio of 0.8192 has 
a maximum indicated age of 1710 m.y. and although it may 
be rather younger, it would have to have an 
uncharacteristically high initial ratio to be of the 
same age as the rest of the group.
221
GA 1680 is a lineated charnockite from the west- 
central part of the same sheet, also in the khondalites.
Its present-day ratio of 0.7816 implies that its age 
could be substantially less than the figure of 1570 m.y. 
assuming an initial ratio of 0.700, and. it is quite 
possibly of the same age as the charnockitic rocks of 
the south at 1250-1300 m.y., provided its initial ratio 
was rather higher than 0.710.
5.2.8 Kataragama Complex (2050 m.y.) (Table 41)
Of three samples collected from this Complex in the 
extreme south-east of Ceylon, two (GA 1651 and 1652) are 
very well-enriched and indicate maximum ages of over 
2100 m.y. When plotted with GA 1650, which is 
admittedly not from the same locality but from only 6 
km to the south-west on the opposite side of Kataragama 
mountain, they give a good Model I isochron at 2055 +
100 m.y., with an initial ratio of 0.7093 + 0.0043.
This determination confirms that the Kataragama Complex 
is older than the surrounding Vijayan and as will be 
shown below demonstrates the correctness of its general 
correlation with the Highland Series.
5.2.9. Other Samples apparently over 2000 m.y. old (Table 43) 
Eleven other samples give total rock analyses with 
indicated maximum ages of over 2000 m.y. These are all 
from the main Highland Series outcrop.
TABLE 41
Analytical data for Kataragama Complex samples, Ceylon
GA
No.
Sample, locality and 
type
Rb
ppm
Common
Sr
ppm
Rb87/Sr86 Sr87/Sr86
Age at 
initial 
ratio of 
0.700 my
1650 Feldspar garnet gneiss 
Bogahapela, 6 km SW of 
Kataragama, Kataragama 
sheet
6°21'40", 81°19'10" 
Total rock 70.6 441.4 0.4614 0.7226^ 
0.7229
(3448)
(3492)
1651 Quartz-f eldspar-garnet- 
hypersthene rock N 
slope of Kataragama 
mountain Kataragama 
sheet
6°23'35", 81°19'35”
Total rock
K-f eldspar
314.9 
642 +
76.9
125+
11.8197 1.0523#
1.0522
not analyzed
2213
2112
1652 As GA 1651, but 0.5 
km to WSW
Total rock 
K-feldspar
301.6
612.2
76.9
132.5
11.3202 
13.3260
1.0395# 
1.0381* 
1.0372 
1.0548
2126
2117
2111
1890
Regression 42
Isochron Z
Isochron age for the three total rock analyses
Initial ratio
MSWD
+ Approximate value by x-ray fluorescence 
* Analysis of unspiked sample
2055 + 55 my (Model I)
0.7093 + 0.0043
0.05
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TABLE 42
Analytical data for Ceylon samples apparently over 2100 my old
GA 
No.
Sample, locality and 
type
Rb
ppm
Common
Sr Rb87/Sr86 Sr87/Sr86
Age at 
initial 
ratio ofppm 0.700 my
1613 Biotite gneiss, 2 km W of 
Kadduganawa, Kandy sheet
7°15'10" , 80°30'10" 
Total rock 69.4 552.5 0.3625 0.7153 (2984)
0.7115 (2251)
1615 Garnetiferous biotite 
gneiss, Nalanda Dam
7°40'20", 80°37'10"
Total rock 85.2 284.7 0.8631 0.7528 (4271)
1616 Garnetiferous biotite 
gneiss, Nalanda Dam 
quarry
7°40'50", 80°37'20"
Total rock 127. 7 159.7 2.3078 0.7793 2430
K-feldspar 406.5 515.7 2.2746 0.7811 2520
1642 Garnetiferous acid
charnockite, graphitic 
Panamure, Timbolketiya
sheet
6°20'15", 80°47'40"
Total rock 358.8 91.3 11.3415 1.0776 2356
1656 Intermediate charnockite 
3.5 km west of Wellawaya 
Haputale sheet
6°43'40", 81°5'10" 
Total rock 233.3 250.5 2.6881 0.7892* 2348
0.7894 2354
1663 Garnetiferous khondalite
Walgahewela, Haputale sheet
6°47'40", 80°52'40" 
Total rock 145.2 211.0 1.9849 0.7755 2686
0.7774 2753
1664 Acid charnockite, hornblende-
rich, Ohiya area
6°48'40" , 80°52'40" 
Total rock 146.1 208.1 2.0265 0.7864 30050.7865 3007
1676 Garnet biotite gneiss 
Habarane, Polonnaruwa
sheet
8°2'15", 80°45'35" 
Total rock . 94.6 132.6 2.0582 0.8113 (3788)
0.8091 (3716)
B 99.1 2.7542 0.8091* (2796)0.8091 (2795)
C 93.5 99.3 2.7192 0.8098 (2847)
1681 Garnet biotite gneiss 
Hill 459 south of Gal Oya
Forest Reserve, Polonnaruwa
sheet
8°3'25", 80°49'50" 
Total rock 173.5 243.2 2.0578 0.7753 (2585)
0.7768 (2636)
1695 Intermediate charnockite 
Gurulupota, Rangala sheet
7°20'25", 80°55'45" 
Total rock 87.6 255.9 0.9878 0.7440 (3134)
2513 Pink acid gneiss 
Maskeliya Dam
6°50'42", 80°32'47" 
Total rock 95.8 56.9 4.8537 0.8770 2576
Analysis of unspikod sample
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Of them, GA 1642, a garnetiferous acid gneiss from 
Panamure, is well-enriched and almost certainly over 
2000 m.y. old, its maximum indicated age being 2360 m.y. 
and present-day ratio 1.0776. Geologically this can 
perhaps reasonably be correlated with GA 1664, from the 
Ohiya area which has a present-day ratio of 0.7865, with 
a maximum indicated age of 3000 m.y. But if these two 
samples are of the same age then that age is about 2100 
m.y., i.e. the same as the age of the Kataragama rocks. 
This is, of course, perfectly acceptable.
It is not possible to be sure that any of the 
rest of the samples have ages of over 2100 m.y., as none 
are well-enriched. GA 1676, a garnet biotite gneiss 
from Habarane on the Polönnaruwa sheet may possibly be 
in the 2700 m.y. range provided ifs initial ratio is 
as low as 0.703. GA 2513, a pink acid gneiss from the 
Maskeliya Dam site in south-central Ceylon is rather 
more enriched and is probably over 2400 m.y. old (maximum 
indicated age 2580 m.y.).
5.2.10 K-Ar analyses of Ceylon hornblendes
The analyses listed in Table 44, by K-Ar, are of 
hornblendes separated from samples collected at widely 
scattered localities (Gampaha and Polonnaruwa areas; 
south Central Highlands; south and south-east coast).
TABLE 44
Potassium-argon analyses of Ceylon hornblendes
GA
No. Sample, locality %K A r f / K 40
Atm
%Ar40
Apparent 
Age 
(m.y.)
1636 Garnet biotite hornblende 
gneiss, Bataata, 15 km E 
of Tangalla
6°6', 80°53'45M
0.8290 0.03277 5.0 491
1638 Basic clot in granite 
gneiss, Manajawa
6°7'30", 81°3'15”
1.608 0.03062 3.9 462
1639 Garnetiferous biotite 
hornblende gneiss,
1.5 km W of 
Barawakumbuka
1.163 0.03125 2.3 471
6°13'20", 80°55'35"
1640 Basic finer-grained gneiss 
at GA 1639 locality
0.4816)
0.4851)U -40J 0.03116 10.3 470
1641 Hornblende feldspar clot 
in garnetiferous biotite 
hornblende gneiss 
GA 1639
1.186 0.03659 4.1 541
1647 Coarse hornblende vein 
in hornblende gneiss, 
Dweurawehera
0.9529) 5
0.9514)U -y ^ 0.03253 4.6 488
6°23'15” , 81°9'30"
1653 Hornblende biotite gneiss 
5 km N of Hambantota
1.168 0.03104 13.3 468
6°30'30'», 81°7'35"
1669 Amphibolite, Ballagalla, 
near Divulapitiya
7°13'45", 80°2'25"
0.3391)0 339 0.3388) ’ * 0.03188 21.1 479
1683 Hornblende-rich vein in 
garnet-biotite gneiss, 
Hill 459, S of Galoya 
Forest reserve
1 -787 >1 775 1.762 )A * ' ' 0.03371 6.5 503
8°3'25", 80°49'50"
K \ = 0.584 x 10"10yr“1
=4.72 x 10"10yr"1 
40K =1.22 g/g K
* radiogenic
Argon analyses by Dr A.V7. Webb
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The argon analyses were kindly made by Dr A.W. Webb, who 
trained me to do the potassium analyses (by flame 
photometry).
The apparent ages range from 470 to 540 m.y. This 
suggests that rather than recording the ages of emplacement 
or of original metamorphism, they all reflect the last 
’’overprint'5 in Ceylon, which in the Rb-Sr analyses is 
shown by mica ages.
5.3 General Comment on the Geochronology of Ceylon
The data give a totally new picture of Ceylon 
geochronology.
Previously the only data for Ceylon showed ages of 
450-550 m.y. approximately, except for one analysis of 
zircon concentrate from a black beach sand from the 
south-west coast. This gave an uncorrected age of 1050 
m.y. and led Holmes (1955) to say that it provided a 
little evidence that the Khondalite Series is very much 
older than 1050 m.y., on the grounds that the old zircons 
in the sample would have been diluted by the younger, 
which could be expected to have ages of 450-500 m.y.
Ages of up to 632 + 25 m.y. were found by Mayne 
and York (1958) but these were the oldest of a group, all 
mineral ages, reported by several workers (Holmes 1927, 
Nier 1939, Tilton and Aldrich 1955, Wilson and Shillbeer
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1955, Gottried et al 1956). This in spite of the fact 
that some of the samples had been collected from Highland 
Series rocks.
Afanasyev et al (1964) in 12 K-Ar analyses of total 
rocks and minerals found one age of 778 m.y. and another 
of 625 m.y. by total rock analysis of charnockites from 
Ratnapura in the south-west.. The other ten analyses all 
gave ages of less than 565 m.y. and again were from 
widespread localities.
Vinogradov and Voitkevitch (1966) gave no new data. 
They did however suggest, on a basis of Indian correlations, 
that three groups of ages might exists Wanni gneisses at 
550 + 10 m.y., Khondalites at 1900 + 100 m.y. and Bintene 
Gneisses at 2600 + 100 m.y.
It is evident from both the older data and mine that 
the 450-500 m.y. event affected probably all Ceylon.
Though no proof yet exists for samples from the east 
coast there is little reason to doubt this. It seems 
probable that the 650-700 m.y. event was almost equally 
widespread, as I have detected it in the north-west and 
the north-central area; Afanasyev et al found it in the 
south-west and Mayne and York in both the south-west and 
on the east coast at Vakaneri.
The importance of my data is that first they 
demonstrate the existence of rocks with ages of over
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2000 m.y. in Ceylon, which was previously suspected but 
never proved. They also show that the Highland Series is 
quite definitely older than the Vijayan and that recent 
re-interpretations of the geology are correct. The age 
of the latest metamorphism of the Highland Series is 
about 2050-2100 m.y., as the Kataragama Complex rocks, 
clearly shown to be older than the Vijayan, can be 
correlated with the Highland Series. It is quite possible 
that rocks of about 2400 m.y. and even 2700-3000 m.y. may 
exist in the Highland Series but this is not yet certain.
The age of the retrogressive metamorphism and 
migmatization of the Vijayan is proved to be about 1150 
m.y., and may have taken place in two episodes. Prior 
to that major event there seems to have been sporadic 
but widespread production of charnockitic rocks at about 
1260 m.y., though charnockites are found of several ages, 
including ages of over 2000 m.y.
Following the Vijayan event, granitic intrusion 
took place particularly in the north-west in the Tonigala 
area, but possibly also further south in the Gampaha 
area, and perhaps also in the eastern Vijayan region, 
at about 1000 m.y. There may have been some further 
granitic intrusion around 900 m.y.
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These events were followed by the particularly 
widespread events at 650=700 m„y. and 450-500 m.y. of 
which the first is probably represented locally by 
granitic rocks in the Gampaha area, For the second, 
intrusives are less apparent except in the south-west 
where pegmatites of this age probably occur. It should 
be noted though that there is no real evidence that the 
pegmatites from which mineral ages of this order have 
true ages of intrusion of the same value. They may 
merely have been affected by an event which is not 
obvious in the field occurrences nor in the petrology 
of the rock«, I have nowhere found a total rock sample 
giving this young age, though my sampling in what I would 
regard as the real south-west (south of Colombo) was 
restricted to a few charnockites near Galle.
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6. INDO-CEYLON COMPARISONS
It is immediately apparent that my data prove for 
the first time that the general comparison of the Ceylon 
with the Indian Precambrian in terms of time is correct, 
as was long suspected from the similarity of rock type. 
Rocks of over 2000 m.y., common in India, are now known 
in Ceylon.
The expected relationship, postulated by Holmes 
(1955), Aswathanarayana (1964) and others, was that the 
Khondalites of Ceylon would have an ’’Eastern Ghats” age, 
and that, it was implied, would be of the order of 1650 
m.y. It must be stated at once that rocks of this age 
are conspicuously absent in most of Ceylon and none are 
definitely proved. However, as I have shown, in Coastal 
Andhra Pradesh (i.e. the northern part of this ’’Eastern 
Ghats Belt” ) rocks of 2400 m.y. and 2100 m.y. exist both 
south and north of the Godavari river. Rocks of 2100 
m.y. probably occur fairly widely in Tamizhagam and are 
known in south Kerala, where they have a lithology of 
khondalitic type. As the Highland Series of Ceylon is 
probably mostly of the age of 2050-2100 m.y. and almost 
certainly includes older rocks of 2400 m.y., the 
comparison still stands although the age of the compared 
rocks is rather older. It seems possible too that rocks
228
of 2700 m.y. and 3000 m.y. occur locally in Ceylon as well 
as in south-west India.
The principal difference between Ceylon and India 
concerns the marked absence of rocks of Vijayan age 
in southern India. There is no question but that the 
Vijayan of Ceylon was the product of retrogressive 
metamorphism and migmatization at about 1150 m.y. The 
only rocks so far found in southern India which are even 
possibly of this order of age are the soda-syenites of 
Sivamallai, and perhaps some dykes. However,
Tamizhagam remains poorly known geochronologically. It 
is curious and probably significant that an age of 1150 
m.y. has been obtained for a biotite from a gneiss in 
southern Maharashtra (where the gneisses are about 2100 
m.y. as are the Ceylon Highland Series) and this I regard 
as the one definitely demonstrated indication in India 
of the major Vijayan event in Ceylon. It is a long way 
from Ceylon, but much closer to the edge of the 
continental block, which could be a zone of transmission 
of events far to the south. It is tempting to suggest 
that if such effects really are absent from Tamizhagam, 
then the reason may perhaps have been the presence of 
a sufficent number of structural breaks between the 
island block and the main part of the Peninsula to
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effectively insulate it, and that the rift valley which 
almost certainly separates the two today had some form of 
analogue so early in Precambrian time.
The age of approximately 1260 m.y. for charnockites 
in south-west Ceylon need not be expected to have 
representatives in India, as it is a more local occurrence. 
But the age of about 1000 m.y. for the Tonigala Granite 
also appears to have no south Indian equivalent - unless 
the Sivamallai rocks should be equated with this rather 
than the Vijayan - apart again from possible dyke 
intrusion. This again may be because an effective 
insulation existed between the two areas. But the event 
at 700 m.y. in Ceylon, locally a period of granitoid 
intrusion in the north-west, is paralleled by granitoid 
intrusion in that part of India closest to it. Rocks of 
this age do not appear in the rest of the southern 
Peninsula. The 450-500 m.y. event, which affects all 
Ceylon, is found in India as far north as Coimbatore in 
the inland area but has probably affected the entire 
east coast and is certainly known as far as the Godavari.
230
7. CORRELATION OF THE PRECAMBRIAN OF PENINSULAR
INDIA AND CEYLON
In previous pages summaries have been given of the 
geochronology of northern and of southern Peninsular India, 
and of Ceylon. None was given for the eastern third of 
the Indian Peninsular block, as data for that area are 
much more limited.
It is now necessary to attempt correlations for the
whole area. This is perhaps best done by means of table 
4F(Table -44-) but such a presentation involves certain 
difficulties and needs amplification. A map is also 
given (Map 9).
7.1 3000 m.y. + 2700 m.y. The oldest rocks occur in
three widely separated areas of India and possibly also 
in Ceylon. These are (i) Singhbhum (ii) south-east 
Rajasthan, probably extending eastwards under cover into 
Bundelkhand and (iii) sporadically across south-west 
India from Bangalore through the Nilgiri Hills to near 
Trivandrum in Kerala. They may also occur in the 
southern part at least of the Central Highlands of Ceylon.
All the rocks have an age of about 3000 m.y. Those 
in Singhbhum may be the oldest at more than 3200 m.y. but 
strict comparisons are difficult as they have so far 
been dated only by K-Ar. Those in southern India and
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any in Ceylon are probably 3050 m.y, but the range of 
possible ages is of the order of 100 m.y. on either side 
of that figure. Those in Rajasthan and Bundelkhand may 
be of that same order or rather younger, perhaps only 
about 2700 m.y., an age which is also found in Kerala 
and probably exists in Ceylon.
7.2 2550 m.y. Rocks of about 2550 m.y. are very
much more widespread. Most of the basement of the 
southern Deccan has this age. It is also the age of the 
Bundelkhand Granite, which as a body almost certainly 
has an extent far greater than its present outcrop, both 
westward to connect with the Berach Granite of Rajasthan, 
and in all other directions. The northward extent of the 
Peninsular Gneiss under Deccan Trap cover is not known, 
but north-eastwards rocks of this type and age extend as 
far as the Godavari River north of the Cuddapah Basin.
The extent of rocks of this age further to the 
north-east in the Peninsular is unknown. They are 
apparently absent in the Nagpur area and also in 
Singhbhum. They are unlikely to be present further north. 
This suggests some distinction between the north-east 
third of the Peninsula and the rest, along a line marked 
by the major lineaments of the upper Son Valley and the 
Godavari Valley. It should be realized though that the
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north-east third of the Peninsula is not so well dated, 
7.3 2500-2100 m,y, Geosynclinal sedimentation took
place in south India after 2550 m.y. and also in 
Rajasthan and Bundelkhand. The Dharwar and Aravalli 
Systems can be correlated, and the Bijawar Series of 
the Son Valley and the area to the north of the present 
Vindhyan outcrop is also synchronous. The problem of 
extrapolation southwards of the Aravalli geosyncline, 
either to swing it south-east and then east into the 
so-called Satpura Belt or south to connect it with the 
area of Dharwar sedimentation, appears to be a non­
existent dilemma. Both connections could have existed, 
except that it is not with rocks of a "Satpura Belt" 
that the eastern connection is to be made, as Holmes 
suggested, but with a very much older belt of rocks in 
what is now the Son Valley and the Bijawar area to the 
north of it. Holmes (1955) had preferred the Satpura 
connection rather than the Dharwar after accepting 
Fermor's criticism of the suggestions made in his 1949 
paper.
The original extent of these 2500-2100 m.y. 
geosynclinal belts beyond their present known limits 
are very uncertainly known. Northward extension of the 
Aravalli geosynclinal belt beyond the plains has been
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obliterated though Himalayan work may reveal evidence of 
its remnants« Auden (1935) thought that the ”Aravalli 
strikes” he found in the Gharwal Himalaya suggested a 
northward extension of Peninsular rocks, a belief that was 
encouraged by geodetic work showing a region of high 
density extending from Rajasthan towards Dehra Dun, which 
could imply rejuvenation of activity along the lineament. 
But the rocks of the ”Aravalli strike” in Gharwal might 
be of Delhi age.
We know far too little of the eastward continuation 
of the Bijawar Series geosyncline to say much, except 
that it may have extended under what is now the Indo- 
Gangetic alluvium towards the great southern bend taken 
by the Ganges; perhaps even into Bhutan. It has been 
transformed by the later rocks of the Gaya-Monghyr Mica 
Belt on what was probably its southern side. Its 
northern side was the Bundelkhand nucleus, which I have 
already suggested may have extended far to the east.
If it is true that the Aravalli geosyncline 
continued southwards under what is now the Deccan Trap 
to connect with the Dharwar geosyncline there was a 
tripartite zone of deposition. But although deposition 
was probably continuous from Rajasthan through the 
Narmada-Son Valley lineament to the upper and middle
Son area, there may have been an upland area to the south 
of the Narmada preventing such a southern connection.
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The southward continuation of the Dharwar geosyncline 
cannot be traced because of the intense metamorphism of 
the southernmost part of Mysore and adjacent Tamizhagam.
The fact that there is no trace of it in southern 
Tamizhagam suggests that we are looking at a different 
or a completely transformed terrain. Fermor (1936) 
suggested that the charnockite zone which crosses southern 
India is separated from a non-charnockitic zone to the 
north of it by some major structural feature. For the 
continuation of this feature through Coastal Andhra he 
suggested a pre-Gondwana but post-Cuddapah age. Whether 
the feature exists in Tamizhagam, and what is its age 
there, are problems. The lack of known evidence for such 
a feature in the shape of obvious structural breaks does 
not mean that it is not there. In the rocks now exposed 
it would be represented as the relic of a zone of 
melting, that is, by charnockitic rocks of apparently 
magmatic and intrusive type; for the rocks now exposed 
at the surface are charnockites undoubtedly raised from 
very deep levels, where any structural break would have 
a very different expression from its continuation nearer 
to and at the surface. And because of this break, we
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should not expect to see in southernmost India nor in 
Ceylon any possible extension of the Dharwar geosyncline.
Sedimentation in the Aravalli and Dharwar areas 
probably ceased between 2100 and 2000 m,y. In the 
Dharwar area the Closepet Granite may have formed early 
in this period by migmatization and granitization along 
a particularly weak and mobile meridional zone. It 
appears to have been further migmatized - if it was not 
wholly formed - at about 2100 m.y. In the Aravalli 
area post-Aravalli granite intrusion took place at 
2000-1900 m.y. There is no evidence of intrusion of 
this age further east in Bundelkhand proper, where 
biotite ages of 2500 m.y. or so imply that that area 
was quiescent after that date. But southwards it is 
likely that intrusion occurred in a position analogous 
to that of the Aravalli area under Vindhyan cover. 
Further south intrusion almost certainly occurred for 
the age of the Dudhi granite is of this order.
Southwards from Rajasthan along the west coast of 
India rocks of this age appear in southern Maharashtra 
and in Kerala. These areas combined with the older 
nuclei to give much more extensive uplands, for granitic 
rocks of similar ages are, if only locally found as yet, 
probably widespread along the east coast. On published
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data the Singhbhum Granite would have this age but Sarkar 
et al (in press 1968) now suggest from new K-Ar analyses 
that this pre-dates 2700 m.y. The only rocks of the 
2100 m.y. period known east of the Godavari are the 
Bailadila Series rocks of Bastar, which according to 
Sarkar et al (1967) ceased sedimentation at 2100 m.y. 
approximately. This area is contiguous with Coastal Andhra 
and suggests that possibly the older Bengpal Series are 
equivalents of Dharwar rocks, and that the Dharwar 
geosyncline, represented in any case in southern Coastal 
Andhra, extended further north across what is now the 
Godavari delta. This is a complicated and ill-known 
terrain.
7.4 1900 m.y. After development of this intrusion
and uplift following metamorphism at about 2000 m.y., 
sedimentation became more restricted and confined to 
two areas. In Rajasthan the Delhi geosyncline now 
developed. It was perhaps merely a contribution, after 
an interval, and with westward displacement, of the 
Aravalli. But it had also a wide epicontinental zone 
across that area eastwards on to the Bundelkhand nucleus, 
well over to what is now the Gwalior area and beyond. 
Similar platform sediments are not known south of the 
Bundelkhand Granite, but could have been removed during
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Vindhyan sedimentation. The southern extension of the 
Delhi geosyncline beyond Gujerat is quite unknown. Its 
trend is out into the Arabian Sea and nothing is known 
of this period in the western part of South India.
Indeed, the existence of rocks of an age of 2100 m.y. 
on southern Maharashtra and Kerala suggests, if these 
are in positions analogous to rocks of the same age in 
Rajasthan, that the Delhi geosynclinal extension would 
certainly have a position out to sea from the southern 
half of the west coast. Some comment will be made later 
about this truncation.
The other area of sedimentation was east of the 
Godavari, where it may have continued longer. The 
Amgaon cycle of sedimentation near Nagpur apparently 
closed sometime between 1730 m.y. and 1440 m.y. In 
Singhbhum the Singhbhum Group of Sarkar et al (in press, 
1968), the former Iron Ore Stageof Dunn and Iron Ore 
Series of Krishnan in Sundargarh (former Gangpur State) 
are probably of Delhi age, South of the Copper Belt 
sedimentation was later and the Dhanjori and Kolhan Beds 
were deposited between 1700 and 1500 m.y.
The so-called Eastern Ghats Belt probably had 
extensive sedimentation in Delhi time, at least in that 
part of it I prefer to call Coastal Andhra. It does not
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appear to have taken place in Tamizhagam, but may have 
extended from the Nellore area through what is now the 
south-western part of the Bay of Bengal into Ceylon.
Whether the two areas of sedimentation in Rajasthan 
and the east and south-east were connected we do not know. 
If they were, it would probably have been along the 
Narmada-Son lineament. If the platform-type deposition 
known in the Gwalior area of northern Bundelkhand extended 
south and south-westwards under what is now the western 
part of the Vindhyan Basin, as is very likely, it is 
very probable also that some deposition went on along 
a rather narrower zone towards the east. This might 
have connected with Amgaon-type sedimentation in the 
Jabalpur-Nagpur area.
The Delhi System rocks were intruded by granite 
first at about 1650 m.y. and perhaps first folded at 
this time. Elsewhere in India this was an age of 
metamorphism of sediments, particularly along the east 
coast.
7.5 1400 m.y. At about 1400 m.y. deposition began
in two very extensive areas. North of the Narmada-Son 
lineament sedimentation was now epicontinental. It was 
the beginning of the Vindhyan, with a marine sequence.
The north-western boundary was an uplifted Aravalli
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Mountain system, wider than it is today. Sedimentation 
half engirdled the Bundelkhand massif and may have 
surrounded it. No Vindhyan sediments were deposited 
south of the Naramada and the Son. For the eastern part 
of the basin at least, this was a source area formed of 
granitic rocks.
In the south a different type of sedimentation 
began at much the same time, but was rhythmic and much 
more rapid. This was that of the Cuddapah rocks and 
their equivalents the Kaladgis. In the Cuddapah area 
this was accompanied by basic and probably submarine 
vulcanism. Comparable vulcanism in the north is known 
in the Lower Vindhyan only by silicified tuffs in the 
east. Lavas have been found only very locally in areas 
far to the west in .south-eastern Rajasthan.
As Vindhyan sedimentation continued it became 
shallower and more deltaic and remained so, probably 
with major breaks in deposition, for a very long span 
of time. The end of Vindhyan sedimentation may even 
have been post-Precambrian. Meanwhile in central 
Rajasthan granitic intrusion was intense along the axial 
zone of the Aravalli Mountains and to the east of it 
(and, for all we know, to the west of it too, for any 
granites there would be buried under the later Malani
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effusions). It is quite possible that these intrusions, 
if less intensely, affected the western part of the 
Vindhyan area in eastern Rajasthan, i.e. east of the Great 
Boundary Fault, and are yet to be revealed by erosion of 
the relatively thick sequence preserved there. This is 
the most disturbed area of the Vindhyans, which may be 
significant.
In southern India activity of this kind is not 
evident. Cuddapah sedimentation was perhaps not much more 
widespread than the present combined Cuddapah and Kaladgi 
outcrops suggest. It appears to have been largely 
completed by the time of intrusion of kimberlitic type 
dykes which were the bearers of the diamonds now found 
scattered over the Anantapur District and in the basal 
conglomerate of the Kurnool System. This intrusion 
probably took place at about 1300 m.y.
In the area east of the Godavari the earlier suite 
of Sakoli Series rocks were deposited before 1330 m.y., 
which is apparently the age of their metamorphism. The 
second phase of sedimentation followed this and was 
simultaneous with Sausar sedimentation in a separate 
basin. Both were then metamorphosed at about 860-950 m.y. 
It seems likely that the Gangpur rocks further east have 
the same age. The Nandgaon rocks of the Donagargarh belt
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are rather older than the late Sakolis and were folded at 
about 1200 m.y. It would thus appear that this area was 
subjected to much more orogeny than the south during this 
period, for in southern India there is no evidence of 
any folding west of the Cuddapah Basin except on a mild 
scale in the Kaladgis, and folding of the Cuddapah rocks 
was not intense. That some folding was in progress in 
Rajasthan is indicated by the age of muscovite formation 
in the Alwar schists of the Delhi System, about 900 m.y.
The complexity of depositional and metamorphic 
history of the central area near Nagpur may be related 
causally to the proximity of this area to the junction 
of two major lineaments, the Narmada-Son and the Godavari 
trough. To the north was a more stable area. Possibly 
to the west lay another. But to the east, and particularly 
in the angle between the lineaments, there seems to have 
been continual mobility.
In Ceylon the important retrogressive metamorphism 
and migmatization producing the Vijayan rocks took place 
during this period. It was preceded at about 1260 m.y. 
by local formation of charnockites in the southwest.
The main Vijayan episode occurred at about 1150 m.y. and 
perhaps there were two events, one closely following the 
other. There was then a period of granitic intrusion at
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about 1000 m.y., particularly in north-west Ceylon.
The fact that these events are not so far known to 
be paralleled in southern India suggests that by this 
time Ceylon and India formed parts of distinct if not 
necessarily widely separated regions. There may have 
already come into existence a major barrier between the 
two which for a time effectively insulated southern 
India. It is difficult to believe that the only other 
area of comparable activity in the southern half of the 
Peninsula, namely east and north of the Godavari, had 
any connection with Ceylon.
7.6 950 m.y. In Rajasthan the axial zone of the
Aravallis was active semi-continuously from about 950 
m.y. possibly up to 580 m.y. with granitic and 
pegmatitic intrusions. This was paralleled in Bihar 
and Bengal by granitic intrusion at 950 m.y. and about 
800 m.y. Thus the rocks of much of Holmes’ ’’Satpura 
Belt” far from being older than the Delhi System as he 
thought, are actually equivalent in age to the Erinpura- 
type granites which intrude it. In both areas mica 
belts of this age are important; that in the south at 
Nellore is older at 1450-1500 m.y. But Bihar remains 
poorly known and it may be that at least along the 
prolongation of the Narmada-Son lineament activity was
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almost as long-continued as along the Aravalli axial zone. 
This Narmada-Son lineament may perhaps, after being 
offset by the Gaya-Monghyr mica pegmatite belt, continue 
under the alluvium of the great delta of Bengal to 
bifurcate around the Shillong Plateau, or at least 
follow its southern side. Evans (1964) postulates a 
great transcurrent fault, the Dauki Fault, extending 
from the north-east corner of the Peninsular mass proper 
across to the Sylhet area, with the Shillong Plateau 
effectively displaced eastwards. The movement since 
Miocene time is said to be about 250 km.
In the south at about 950 m.y. there is no evidence 
of any activity other than the possible intrusion of 
dykes following the dolerite dykes which intrude the 
Cuddapah rocks, and much of the basement, at about 1000 m.y. 
7.7 750 m.y. From about 800 m.y. granitic intrusion
became common in many areas. In southern India it was 
apparently restricted to the area south of Mysore but 
in Tamizhagam granites of this period are known in at 
least two areas and pegmatites may exist also in Kerala.
In Ceylon an event at about 700 m.y. affected much of the 
island and was accompanied by intrusion of pegmatites 
and perhaps zircon granites.
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In the north-east granite in West Bengal and Bihar 
was intruded at about 800 m.y. and the Mylliem Granite of 
the Shillong Plateau is of this period, or slightly 
younger.
In Western Rajasthan at about 750 m.y. there was 
effused a large area of mainly acid volcanic rocks, the 
Malani Rhyolites. These have no equivalent elsewhere.
They were accompanied by high-level granites and perhaps 
also in the Aravalli axial zone by pegmatites, though the 
latter may not be genetically related but indicative of 
the continued mobility of this zone.
To the east sedimentation was the only activity over 
a very large area north of the Narmada-Son line. It went 
on quietly and perhaps discontinuously.
South of the Narmada-Son line comparably quiet 
epicontinental sedimentation went on, perhaps from as 
early as 900 m.y. in the Kurnool area of the Cuddapah 
Basin and to the north east of it. It was perhaps rather 
later in Bastar and Chhattisgarh, for in the latter area 
some folding took place after 600 m.y. following 
effusion of andesite locally at about 700-650 m.y.
7.8 5QQ m.y. In the south of India and Ceylon
there was an important metamorphic event, possibly 
accompanied locally by pegmatite intrusion, at 500-450
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m.y. In India it extended as far north as Coimbatore 
in Tamizhagam, affected much of Kerala and was the age 
of metamorphism of at least the southern half of Coastal 
Andhra. All Ceylon was affected. No trace of this 
event has been detected in northern Peninsular India, 
unless it be the last known, and not certainly dated, 
pegmatitic activity in the Ajmer area of the Aravallis 
at 580 m.y. (Aswathanarayana 1956), and the activity 
which produced an age of 472 m.y. in a muscovite from 
the Shillong Series. The latter age may imply that the 
whole east coast of India was affected by this event as 
well as the Shillong Plateau. It would be desirable in 
further work to check the ages of biotites from samples 
along major lineaments, as it seems likely that at least 
in these zones there might well have been some mobility 
at this time.
7,9 Relative stability Viewed synoptically, the
impression received is that the south Deccan (i.e.
Mysore-Hyderabad) and Bundelkhand were the most stable 
nuclei. Because of the known existence of very old rocks 
in Kerala the south Deccan nucleus probably had a 
salient extending south-westwards which however later 
became involved in any structural break associated with 
the charnockite zone of Tamizhagam. Further sampling
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should clarify this picture, The very oldest rocks may 
be in Singhbhum but this nucleus is not only smaller 
but was apparently less stable.
The areas of most complex geochronological history 
are Rajasthan, parts of the eastern third of the 
Peninsula, and the southern tip of India with Ceylon.
The reasons for this complexity are in each case 
probably connected with proximity to ancient lineaments 
which were active at frequent intervals during most of 
Precambrian time.
8. INTERCONTINENTAL COMPARISONS AND 
CONTINENTAL DRIFT
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8.1 General
The discovery of a Permo-Carboniferous glaciation 
in India by W.T. Blanford in 1856 was followed by 
similar discoveries in several southern hemisphere 
countries. This led eventually to a belief in the 
former existence of a super-continent giventhe name of 
Gondwanaland. Until the theory of continental drift 
was formulated the extent and location of this 
supercontinent was nebulous.
The numerous proponents of continental drift from 
Taylor and Wegener onwards have suggested various 
possible re-assemblies of southern hemisphere continents, 
usually with India.^
Palaeomagnetic work has now effectively proved 
continental drift. Studies of ocean floors, especially 
of mid-ocean ridges, have suggested a mechanism. This 
solves a problem which was the main one raised by
1^ shall not discuss the work of Taylor or Wegener, 
especially as I have not yet been able to see the new 
(1968) English translation of the 4th German edition of 
Wegener’s book, which differs substantially from the 
3rd German edition published in English translation in 1924.
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objectors. It was perhaps inevitable that once drift 
became unchallengeable a mechanism would be found; it 
is difficult to understand why the lack of discovery of 
a mechanism was so seriously regarded as an objection to 
the theory.
A full discussion of the various re-assemblies 
suggested would need lengthy treatment and will not be 
given. Many are quite out of date and some are scarcely 
to be taken seriously.
Re-assembly of Indian Ocean countries is usually 
combined with South Atlantic re-assembly. The latter has 
been demonstrated by Carey (1958) using spherical models; 
by Bullard et al (1965) using computer techniques applied 
to the same continental edges; and for the Venezuelan- 
Brazilian sector by Hurley and his colleagues (Hurley 
et al 1967) by comparison of radiometric ages. This is 
a logical series of approaches and there can be no 
remaining doubt - particularly with the complementary 
oceanographic work - of the validity of the belief in a 
former close connection.
All re-assemblies of Indian Ocean countries pose 
much greater difficulties. This is mainly because there 
are more continents concerned. But the Indian Ocean is 
also by no means so simple as the South Atlantic. It
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appears to contain within it areas of continental material. 
The islands of the Seychelles archipelago, for example, 
are merely the tips of a great continental area (Baker 
1968), Other continental fragments - some of great size - 
appear to exist entirely below present sea level. These 
must be accommodated in any re-assembly.
For re-assemblies suggested before the significance 
of mid-ocean ridges was understood, there is undoubtedly 
a tendency for that of any one worker to depend upon 
unequal information. He after all is no international 
citizen and is almost certainly more familiar with one 
continent than another. The South African workers, for 
example, are apt to concern themselves primarily (and 
understandably) with fitting Africa against perhaps two 
other continents. The rest are rather left to fend for 
themselves, or even given Procrustean treatment. For 
re-assemblies emanating from that country India and 
Australia, usually much less well known by those workers, 
seem often to be left apart from one another. By contrast 
the Indian worker Ahmad (1960a, 1961), who studied under 
Carey the similarities between rocks of Gondwana age in 
India and Australia, postulated a re-assembly in which 
India was close to Australia, with the eastern horn of 
Africa also close. It resembles an early fit of Carey’s,
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but unlike Carey, Ahmad evidently found Antarctica an 
awkward encumbrance and shoved it away east of Australia, 
declining even to draw its outline fully. In this way 
he managed to find space between southern Australia and 
East Africa for Madagascar, another country in which he 
was much less interested.
Ahmad’s re-assembly was suggested following a 
study of sedimentary basins at a time when there was much 
less information on the Australian side than there is now, 
after extensive and intensive oil search in these basins 
and offshore. It remains a useful pioneer work. In a 
later paper Ahmad (1967) appears still to believe in the 
same assembly, retaining Madagascar between Australia and 
East Africa, and with Antarctica as before though now 
curiously squashed, and in 1958 the second modification 
seems superior to that of Ahmad in that East Antarctica 
is opposed to southern Australia, with Madagascar placed 
between the west coast of India and the southern coast 
of East Africa. In an earlier modification he had 
Madagascar rather further north and India far from 
Australia. The 1958 assembly leaves a substantial area 
of apparently open ocean between South America and 
Australia and Africa and Antarctica, presumably to allow 
for continental fragments of the type I mention above.
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A totally new approach has been developed by J.T. 
Wilson, who treats the problem synoptically. Wilson 
(1963a) has shown that oceanic islands tend to increase 
in agewith distance from mid-ocean ridges. He points out 
(Wilson 1963b) that submarine ridges provide a second 
precise method of fitting continents together. Where a 
mid-ocean ridge lies half way between two continents, 
they were once incontact„ Further, the ends of lateral 
ridges represent points once opposed. In adopting this 
new technique for an Indian Ocean re-assembly he was 
obliged to postulate the existence of a fourth median 
ridge extending from the centre of the Indian Ocean to 
northern Sumatra. Subsequently the Ninety East Ridge 
was found; the picture is rather more complicated. Wilson 
argued that Cape Naturaliste in Australia was formerly 
opposed to the Gaussberg area of Antarctica. His re­
assembly places India close to Western Australia, east 
Madagascar opposite the west coast of India, west 
Madagascar opposite the south-east African coast, with 
all these countries close to Antarctica.
Wilson further developed his views by recognizing 
transform faults (Wilson 1965). He has shown that much 
combined work by palaeomagnetists, geochronologists, 
oceanographers and other geophysicists permits measurement
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of the rate of continental drift. He rightly describes 
this as a revolution in. earth science (Wilson 1968, in 
press).
There is no doubt that from now on re-assembly will
have to be not only by continental matching but by
interpretation of oceanic data. There is still however
scope for some difference in detail, For Australia and
India two assemblies recently proposed are those of Dietz
and Spröde (unpublished) and Hurley (1968). Dietz and 
S p r o  LLSpröde^ (pers. comm.) made a computer fit of the 
continental edges, while Hurley also makes a continental 
edge fit, though not, so far as I know, by computer.
The use of a computer for this fit is not necessarily 
as helpful as it might first appear, for information on 
the detail of the Indian continental edge is not so far 
nearly so good as it might be. This possibly explains 
the differences between the two assemblies, which are 
interesting in relation to detailed radiometric matching 
(made below). In the fit of Dietz and Spröde Ceylon is 
made to nestle in the bay between the coast around Perth 
and the Naturaliste Plateau of Heezen and Tharp (1965).
The latest assembly, that of Hurley (1968) places 
India comparably close to Australia in terms of 
continental edges but Hurley shows Ceylon opposite the
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central part of the west coast of Australia near Geraldton. 
In the fit of Dietz and Spröde no other countries are 
shown. Hurley fits also Madagascar, Africa and 
Antarctica in a new and interesting way. His map is 
entitled ,vPart of Gondwana!and''8 so he may be permitted 
to cut it off conveniently to avoid showing how he matches 
the northern part of the Indian block with Africa, He 
places Madagascar south of Ceylon, with their continental 
edges almost touching, and has moved Madagascar south- 
westwards to meet Africa. Antarctica is matched to 
Australia by placing the Adelaide geosyncline against 
that of the Trans-Antarctic Mountains, so that the 
southern tip of Madagascar is very near the Amery ice 
shelf. This assembly leave an area of about the size of 
Madagascar between it and Western Australia, presumably 
to accommodate oceanic continental fragments.
These assemblies are all tentative and much of 
their value lies in provoking more detailed examination. 
8.2 Indo-Australian Comparisons
8.2.1 Previous work
Ahmad (1960a, 1961) faced difficulties in matching 
the relatively young sedimentary basins of eastern 
Peninsular India with north-western Australia. He was 
obliged to match wide areas of sedimentation preserved
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in Australia with narrow trough-like zones in India. He 
was almost certainly correct in demonstrating that the 
latter were merely the remains of previous wide areas 
of sedimentation which had happened to be preserved by 
downfaulting. In other words, sedimentation was not. as 
Fox (1931) believed, confined originally to these troughs. 
Ahmad suggested some matching of faults which seems 
reasonable, and made reference to the need for matching 
of the Precambrian.
There appears to have been no real attempt to match 
the Precambrian before my own. Prider (1945) compared 
the charnockitic rocks of Dangin with those in India but 
commented also on the lack of detailed mapping in 
Australia. This certainly delayed any real attempt at 
comparison, though with the rejuvenation of the Geological 
Survey of Western Australia in recent years the situation 
is becoming reversed, for published geological maps of 
southern and south-eastern India are scarcely common. To 
some extent this latter lack has prevented my obtaining 
adequate material and data for making a comparison of the 
quality I would like to make. The comparisons made below 
are therefore to be thought of as preliminary. It will 
be possible to improve them very much when we can study 
thoroughly and date equally thoroughly the coastal zones
(ju y^ xlr
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certain differences between the southern part and the 
north-eastern part beyond the Godavari river. The 
Australian shield in its western part has been divided 
by Compston and Arriens (1968) into a south-western area 
and a Pilbara area. It will be appropriate to describe 
the comparisons in terms of these divisions.
Any fit of India against Australia by continental 
edges implies a fairly wide zone of unknown Precambrian 
terrain on the continental shelf off north-west 
Australia and off the north-east coast of the Indian 
Peninsula, Further south the fit permits closer 
apposition,
In the north, it is apparent that the oldest rocks 
of that part of India, those of Singhbhum, lie crudely 
opposed to the oldest rocks of north-western Australia, 
those of the Pilbara ,!System!? and the granites that 
intrude it. Both are over 3000 m.y. old.
Following the Pilbara granite intrusions are the 
three subdivision of the Mount Bruce Supergroup which 
are dated rather uncertainly at the base at 2250-2200 
m.y. The Hamersley Group, which contains the Brockman 
Iron Formation at 2000 + 100 m.y. was intruded by 
granite at 1700 m.y, In India there are also iron 
formations of low metamorphic grade which have often
[ A * . 2
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of India, and make a comparison with the many parts of 
Western Australia where the work of numerous geologists 
and several geochronologists is rapidly increasing our 
knowledge,
In these comparisons a close continental edge fit 
such as that of Wilson, or Dietz and Sprotte, or Hurley, 
is assumed. It is also assumed that the two continental 
blocks were together throughout all geological time 
prior to the separation. There is as yet no evidence 
to prove or disprove this, but a good deal to suggest 
that the zone along which breaking took place late in 
Phanerozoic time was a zone of mobility far earlier.
Allowance ought to be made for differences in shape 
because of compression of geosynclinal belts. These 
allowances are very difficult to estimate. However, this 
does not seriously affect comparison at the time of 
the separation, when the two continents were in this 
respect dormant.
I do not propose to discuss the timing of 
separation of the various continental masses. This 
needs joint radiometric and palaeomagnetic study, and 
adequate data are not yet available.
8.2.2 Comparison of Belts of Rocks with Particular Ages
An immediate comparison can be made between major 
divisions. The Indian block, as has been shown, shows
I hi
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been compared with those of north-west Australia, though 
the comparison in the past has been with the Yampi Sound 
iron ores of the western edge of the Kimberleys, which 
have not been dated. The Indian iron formations have not
been dated by Rb-Sr but K-Ar analyses (Sarkar et al 1967)
show that the Iron Ore Cycle south of the Copper Belt
ended at 2700 m.y., with intrusion of the Singhbhum
Granite at that time. (A previous dating of this iron 
formation was given by the same authors as somewhat 
younger.) However, their evidence is rather peculiar 
as they suggest in a later paper (Sarkar et al, in press 
1968) that north of the Copper Belt a Singhbhum Group 
with an age of 2000-1.700 m.y, is to be correlated with 
the Iron Ore Stage of Dunn and the Iron Ore Series of 
Krishnan in Gangpur. If so, these latter iron formations 
would correlate much more with the Australian iron 
formations; there may be iron formations of two ages, 
and those furthest from the Brockman Iron Formation of 
Australia the most related.
No age is available for the overlying Bresnahan 
Group in Western Australia, but the next overlying Group, 
the Bangemal1 Group, covers a wide area separating the 
Yilgarn (south-western) area from the Pilbara area. The 
age of the Bangemall Group is not certain but the maximum
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limit of deposition would be about 1700 m.y. This is 
perhaps to be correlated with the Koihan Group in India, 
which is preceded by the Dhanjori and Jagannathpur lavas 
and Dalma lavas. Acid lavas in the Bangemalls gave a 
possibly updated age of about 1100 m.y.; the Indian 
lavas appear to have an age of about 1700-1600 m.y., 
which could well be the true age of the Australian lavas 
in so far as sedimentation began more probably at 1700 m.y.
There is then some mineral age data from pegmatites 
in north-western Australia at 960 m.y. This fits almost 
exactly the mineral ages from the various pegmatites of 
Bihar and my age of 980 m.y. for an aplite dyke on the 
east coast at Vishakhapatnam, Sarkar et al (in press 
1968) state that the end of the Singhbhum orogenic cycle 
is 850 m.y. on the basis of K-Ar ages.
Comparison of the south-west area of Western 
Australia and southern India and Ceylon is more complicated, 
mainly because of the uncertainty about the relation of 
Ceylon to India during geological time and especially 
Precambrian time. There are very interesting 
similarities.
It is first necessary however to refute the basis 
for the comment of Ahmad (1960a, p.634) that Ceylon has 
more in common with the south-west coast of India than
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with adjacent parts of the present mainland. This is a 
myth which has developed from misunderstanding of the 
significance of mineral ages and because early work on 
rare-earth minerals was done on beach sands from the 
south-west coast of India and the south-west coast of 
Ceylon. So entrenched has this belief become that the 
International Tectonic Map of Asia shows the south-west 
tip of India and that of Ceylon as different from the 
rest. The southern tip of India is still not well dated 
but literally the nearest exposed basement in India to 
Ceylon has a young age equivalent to the penultimate 
event I have detected there, while the very part of 
Kerala said to be so young in fact contains rocks as 
old as any in India. At this stage there is just not 
enough data on southern India to speak usefully about its 
precise former relation with Ceylon.
In both south-western Australia and southern India 
very large areas have much the same age. However, the 
oldest rocks, in both continents about 3000 m.y. old, 
have only local occurrence among rather younger but 
still very old rocks. In Australia these are entirely 
within the central part of this south-western area, in 
the Koolanooka Hills, at the Oldfield River, and 
recognized in boulders from a conglomerate at Kalgoorlie.
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Rocks at Dangin too might be the oldest«, In India the 
occurrences are in the southern part of Mysore, through 
the Nilgiri Hills to Kerala,
Rocks of about 2700-2550 m,y. are widespread in the 
Yilgarn block and are to be compared with the Peninsular 
Gneiss and some older gneisses in the South Deccan. It 
is highly likely that rocks of this age exist also in the 
Central Highlands of Ceylon, where however most have been 
overprinted with an age of 2100 m.y.
In both continents these vast areas of gneissic 
granites and gneisses are associated with "greenstone" 
sequences which are peculiarly difficult to date, partly 
because they are peculiarly difficult to sort out 
stratigraphically. The sequence at Kalgoorlie must be 
younger than 3000 m.y., but older than intrusive granites 
at 2612 m.y. In India the closely comparable gold mining 
area at Kolar has not yielded good dateable samples for 
Rb-Sr work, but lavas from what are probably the same 
lower part of the Dharwar sequence give younger ages at 
2365 m.y. It is possible that these lavas were emplaced 
during the folding of the Dharwar rocks, as suggested by 
Sreenivas and Srinvasan (1968), and that their ages 
represent the age of this folding rather than the age of 
deposition of the part of the Dharwar sequence in which
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they lie. It is of interest that the concentration of the 
gold mineralization at Kalgoorlie is not related to the 
sequence itself but is located in a fracture pattern 
dated at 2420 + 30 m.y. (on sericite). The pattern is 
partly occupied by large basic dykes independently dated 
at the same age.
Acid igneous rocks of an age younger than 2550 m.y. 
are very uncommon in the Yilgarn block. In India they 
are probably uncommon too but the presence of 2100 m.y. 
old rocks around the edges of the South Deccan may be 
accompanied by the presence within it locally, perhaps 
only along the meridional zone of the Closepet Granite, 
of rocks of this age. There are none any younger than 
that except along its southern margin.
It is between the western margin of the Yilgarn 
block and southern India and Ceylon that the really 
interesting comparisons are to be made. The Darling 
lineament, 1000 km long, has been continually mobile. 
Mineral ages register at least three periods of 
isotopic disturbance. The same is true of Ceylon and 
southernmost India, while along the east coast of India 
there has been comparable repeated activity.
Along the western margin of the Yilgarn block 
biotite ages of about 750 m.y. and 590 m.y. have been
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obtained for the Mund ax ing Granite; these have been 
roughly corroborated, by K~Ar data. Pegmatites are 
known at 700 m.y. both to the north and to the south. The 
first of these is an age of similar disturbance in nearly 
all of Ceylon and in Tamizhagam-Kerala. There was also 
noted in the Yandanooka area an age of 1120 m.y. for 
pegmatite intrusion, while there is evidence of sericitization 
of the Mundaring Granite at about the same time. This 
1120 m.y. age is the order of age of the Vijayan 
retrogressive metamorphism and migmatization which affects 
large areas of Ceylon east and west of the Central 
Highlands.
However, the closest comparisons are with rocks 
along the west side of the Perth Basin. Two areas of high 
grade metamorphic rocks are known, of amphibolite to 
granulite facies, directly comparable in type with Ceylon 
rocks and those of Coastal Andhra.
The Greeiaough block near Gerald ton is built of 
granulite and amphibolite facies rocks dated at 1040 + 50 
m.y., with an initial ratio of 0.721. With the fit of 
Dietz and Spröde these lie to the north of the area in 
eastern Ceylon where Vijayan rocks of amphibolite facies 
have an age of 1150 + 60 m.y., with rather lower initial 
ratios.
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The Leeuwin-Naturaliste block granulites have an 
isochron age of 670 + 25 m.y. These would on the same 
fit lie to the south of Ceylon, where rocks of 
approximately this age are already found, on the west 
coast but could be expected also in parts of the 
lesser-known east coast belt.
In the southernmost part of Western Australia the 
Yilgarn block is bounded by the Albany-Esperance block 
with has an east-west strike. These rocks have ages of 
about those of the Vijayan of Ceylon, but one gneiss 
gave an allanite age of 1390 m.y. Similar ages are known 
in the Frazer Range which appears to be an eastern 
continuation of this area. It is of interest that 
charnockitic rocks in southern Ceylon near and east of 
Galle give ages of 1260 + 40 m.y. In both continents the 
rocks are of granulite facies.
8.2.3 Comparison of Structures
In the northern part of the fit there is so wide 
a gap that no very satisfactory comparison of structures 
can be made. But it is certainly apparent that the 
Mahanadi and Damodar lineaments and perhaps also the 
Copper Belt thrust (that being a rather less important 
feature) could be extrapolated to join some of the major 
faults which in Australia extend south-eastwards from the 
coast into the Canning Basin.
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Further south the closer apposition has to be 
balanced against a greater complexity of fault patterns 
in the north-west corner of Australia. My impression 
is that the Godavari rift might be extended to swing 
south into the northern group of faults of the Carnarvon 
Basin. One possible match also is for the fault which 
probably limits the Greenhough block on its west side 
to join a probable structure in east central Ceylon of 
the same trend. Perhaps the most obvious link is that 
between the fault limiting the Leeuwin-Naturaliste block 
on its east side which has a north-south trend, with a 
major structure off the east coast of Ceylon. This is 
the edge of the continental shelf and continues as such 
northwards in a manner comparable with the Darling Fault 
as a meridional structure of greath length. Thus there 
appears to have been between Australia and India-Ceylon 
a major rift which developed at the time of separation 
but may well have been in existence for long before as 
some kind of mobile zone. There was also no doubt a 
shorter but perhaps equally deep rift between Ceylon and 
India, but the history of this was varied, as at times 
it appears to have been more of a barrier and insulated 
the two countries while at other times there were similar 
events occurring on each side of it. The absence of any
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but the remotest evidence of the 1150 m.y. Vijayan event 
of Ceylon in southern India is to be contrasted with the 
definite evidence of rocks of this age in Western 
Australia, though they are confined to marginal areas.
Thus there are in some ways more similarities between 
Ceylon and Western Australia than between Ceylon and 
India. But it appears that the important 2100 m.y. event 
in Ceylon is better represented in India, where it is 
however again essentially marginal to the main block 
of the South Deccan.
8.3 Burma and Australia
I have not yet been able to date any Burmese sample 
except one of Mogok Gneiss, so no real comparison can be 
made between Burma and Australia on the basis of 
radiometric ages. The particular sample was very poorly 
enriched and its maximum indicated age of 435 m.y. merely 
suggests that Clegg (1938), who claimed that the 
metamorphosed rocks of the Mogok Series of Central Burma 
probably includes rocks of ages from Precambrian to 
Cretaceous, may well be right. It does not show that the 
predominant age of the rocks of that area is not Precambrian.
The only point I wish to make here is that any fit 
such as that of Dietz and Spröde involves an overlaps of 
southern Burma with the Kimberley area of Western Australia.
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This is not such a conflict as it may first appear. Southern 
Burma is very young and either deltaic material of Quaternary 
age of young Tertiary mountain ranges. Central Burma, with 
the Mogok area, is much older. The whole question of the 
former position of any Precambrian block in Burma is 
complex because of the likelihood of relative movement 
between it and the Indian Peninsular block. Hurley’s 
suggested, re-assembly is superior in this aspect, as if 
no such relative movement is assumed, there is less overlap 
of Burma on to Australia.
8.4 Ceylon and Madagascar
Madagascar has a Precambrian history (Besairie 1968; 
Delbos 1964a, b) which is so similar to that of Ceylon 
that some close relationship is highly likely, and most 
re-assemblies place it near to India and Ceylon. The 
assemblies suggesting a position south of Australia (e.g. 
Ahmad 1961, 1967) I do not regard as likely, mainly 
because the south Australian coast appears to fit East 
Antarctica very well in shape and in tectonic matching, 
and the position of Madagascar in such assemblies is 
contrived, rather than based on real similarities.
It is tempting to suggest that the very long linear 
feature made by the continental edge off the west coast 
of India might be matched by that which is so obvious a
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feature along the east coast of Madagascar. But in 
any fit such as that of Carey, who believes in an opening 
of a sphenochasm between Afro-Arabia and India such 
intercalation of Madagascar is impracticable. However I 
support the views of Wilson (1963b) who is not a 
believer in Carey’s uncurling of ’’oroclines”. The fit 
tentatively suggested by Hurley avoids this problem, and 
is ingenious in relating Madagascar closely to Ceylon 
while also giving the impression that the drifting apart 
of the two is somehow associated with the very marked 
meridional linear structures detected in the western 
Indian Ocean by Heezen and Tharp (1965). This suggested 
relationship of Madagascar and Ceylon of Hurley would 
not necessarily be affected if, as I prefer, the position
of Ceylon relative to Australia was more that suggested
LUby Dietz and Sprocte. It is interesting to note that the 
northernmost area of Madagascan Precambrian, opposite 
south-west Ceylon on Hurley’s fit, has rocks of 550 m.y. 
and that that is an age which is certainly common in 
south-west Ceylon as an event if not necessarily an age 
of intrusion. It must be remembered that these ages in 
Madagascar are likely to be minimum ages, as no Rb-Sr 
data are available, so that the comparison may in fact be 
very close indeed. In the same north-eastern part of
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Madagascar the Vohibory sequence of rocks almost identical 
in type with the Highland Series in Ceylon has a 
conventional age of 2140 m.y.; it is stated to have been 
affected, just as rocks of that age have been affected 
in Ceylon, by retrogressive metamorphism. Granites of 
1125 m.y. are known to intrude this sequence, although 
so far they have been found only in central Madagascar.
It seems apparent that closer examination, and analysis 
of samples using similar methods might reveal very close 
similarities indeed. The geological sequence is 
astonishingly similar; zircon granites occur in both 
islands among the younger intrusives and almost every 
rock type can be paralleled in time.
8.5 India and Africa and Arabia
The suggested apposition of western India and the 
eastern coast of Somalia (Carey 1958) was intended to 
show a state of affairs after strike-slip displacement 
from a condition where India was in apposition to the 
Central African coast and Madagascar also strike-slipped 
from against Portuguese East Africa. Carey suggests 
that after the movement north-eastwards the Indian block 
was then twisted through an agle away from Arabia-Africa 
and in this manner the Baluchistan arc came into being.
It is apparent though from his diagram of the whole
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Indian Ocean (p.273) that, the north-eastward movement alone 
might adequately put India into its present position. It 
is probable that more recent palaeomagnetic information 
makes his apparent simplicity of movement about a pivot 
in Baluchistan a little too simple for the very complex 
Indian Ocean, but this is not to deny the fruitfulness 
of his other suggestions. One uncertainty appears to be 
the former relation of Madagascar to Africa, which I 
cannot go into here except to say that some prefer to 
see it formerly in a position south-west, and others 
in one north-west of where it now lies. Clearly this 
very much affects any re-assembly of India with the 
eastern coast of Africa.
This fit of India with Africa is also uncertain 
because of lack of adequate radiometric data for the 
latter continent. This may seem a strange assertion in 
that Cahen and Snelling (1966) have published an 
excellent book on the geochronology of equatorial Africa, 
and list 62 age determinations for the Mozambique belt, 
which is that part of Africa concerned (a belt the name 
of which is perhaps not now so satisfactory as it was), 
and 10 for the Seychelles archipelago. But aside from 
the point that some of these are less determinations than 
analyses, only 11 are by Rb-Sr and of those exactly one
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is a total-rock analysis. The data they give, therefore, 
are almost certainly indicative of the influence of younger 
events. Cahen and Snelling admit this in their text, 
saying that the belt is one of great structural and 
metamorphic complexity. All the ages listed are in the 
range 450-700 m.y. with very few exceptions. It is 
significant that the older K~Ar ages include two of 1150 
m.y. and. 1295 + 50 m.y. from Tanzania. These are from 
a cataclastic zone, and one is inclined to compare them 
with my 1150 m.y. mineral age from the older gneisses of 
the probably mobile zone in the coast of southern 
Maharashtra. There is a lack of data from Somalia, the 
four analyses given being mineral ages of 500-700 m.y.
One total rock age of 640 + 34 m.y. is given for an 
alaskite in the Seychelles, where mineral ages are in the 
same range.
In view of the truncation of the Delhi geosyncline 
by the west coast of India, it seems to me desirable to 
search for its analogue in Africa or along the Arabian 
coast. I have little doubt that ages of the Delhi range 
(1900-1700 m.y.) will be found in the northern part of 
the Mozambique Belt, and probably even older ages.
8.6 Ceylon, Australia and Antarctica
Any fit of Antarctica to Australia can be close; 
most suggestions now involve a matching of the Adelaide
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geosyncline with that along the west coast of the Ross Sea. 
This means that the great mass of East Antarctica is placed 
adjacent to the whole southern coast of Western Australia. 
If then India and Ceylon are fitted to Western Australia, 
Ceylon becomes fairly close to Wilkes Land, though 
separated by a small area of Australia. From the western 
part of Wilkes Land some rocks have been dated (Angino 
and Turner 1964; Ravich and Krylov 1964). Ages for 
samples from the Bunger Hills (on the coast at 100°E) 
range from 1000-1265 m.y. for granite, 600-800 m.y. for 
migmatites, and charnockites, which are prominent in the 
rock types of the area, have been dated at 700-745 m.y.
Many of these analyses are mineral ages, but a general 
correspondence with Ceylon and the Leeuwin-Naturaliste 
area of Australia is apparent, as suggested by Wilson 
(1963b). I have myself dated two samples of gneiss 
collected by Dr R.L. Oliver from islands in the Amery ice 
shelf at about 1100 m.y. These are total rock analyses.
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APPENDIX 1 Rubidium-Strontium method of
age determination
Theory Rubidium-87 decays by ß emission to strontium-87.
Knowledge of the rate of decay, the amount of radiogenic 
strontium produced, and the amount of strontium-87 
originally present permits calculation of the age of a 
rock or mineral, that is, the length of time that has 
passed since the sample became a closed chemical system 
with respect to Rb and Sr (see Appendix 3).
The age is obtained from the equation:
\t = ln (1 + Sr87/Rb87)
8 7where \ is the decay constant, Sr^ the number of moles
8 7 8 7of radiogenic strontium, Rb the number of moles of Rb
at the present time.
The assumption of closed chemistry since mineral 
formation implies that
Sr87* Sr87now Sr
87
initial
= Sr86 (Sr87/Sr86now
8 7 ,« 86 Sr /Srinitial
so that the required term
Sr87/Rb87 = Sr86/Rb87 (Sr87/Sr86 - Sr87/Sr?6* v now initial
8 6Thus, to calculate the age it is necessary to measure Sr
87 8 7 86Rb and to measure, or estimate R. (Sr /Sr? .^l v initial'
87 86Sr //^ rinitial exPecte<3 "the same ^or oogenetic
rocks and minerals» For such suites of samples, Compston
8 7 8 7and Jeffery (1959) plotted Sr^ /Rb as a dependent
8 7 86variable against Sr /^initial’ test "th^s expectation
and to estimate the best values for the two terms.
Nicolaysen (1961) described, an alternative method
developed at the Bernard Price Institute in Johannesburg
87 86in which the observed Sr /Sr is plotted against thenow ^
, , n,8 7 86observed Rb /Sr
For rocks well-enriched in radiogenic strontium 
8 7 86(with a value of Sr /Sr at the present time of 0.9 or 
more), R^ assessment is much less important than for
8 7poorly enriched rocks. This is because the ratio of Sr 
8 6to Sr in crustal strontium is of the order of 0.700 +
0.003. It will be apparent that the comparison of this
87 86value with the present day Sr /Sr value very much 
affects calculation of ages, from the examples given below: 
GA 1842 TR Present-day ratio 1.5011
Age at initial‘ratio of 0.700 0.703 0.710
m.y. 2493 2483 2462
GA 1837 TR Present-day ratio 0.7169
m.y. 3353 2770 1390
Decay Constant There is still doubt about the value to 
be given to the half-life, and therefore the decay constant,
8 7of Rb . Hamilton (1965) has given an account of the 
various methods used to determine the half-life, and a 
table of values obtained. He states that the value 
’'would certainly lie between 4.7 and 5.3 million years". 
There is thus some range in the values for the decay 
constant in use. The value used here is that currently 
used in the Department of Geophysics and Geochemistry in 
Canberra, viz. 1.39 x 10 "^Lyr’"^ . Any change in this 
value affects ages relatively to the same extent; it is 
necessary to bear the value in mind particularly in 
making comparisons with data from other laboratories and 
particularly with K-Ar data, which are themselves 
calculated using constants somewhat similarly uncertain. 
Chemical Preparation for Mass-Spectrometry Before 
chemical preparation, the samples are examined for general 
suitability, crushed and minerals separated if necessary, 
and examined then by x-ray fluorescence to determine the 
ratio of total Rb to total Sr. Samples with low Rb/Sr 
ratios are unsuitable in general for analysis, but suites 
of such samples may often be suitable.
As much of my work has been done on total rock 
samples, their suitability has often been decided on the 
basis of experience, as petrographic examination as a 
means of deciding whether analysis is desirable (as
distinct from what the results mean) is often of little 
help and it is more important to examine the Rb/Sr ratio 
by x-ray fluorescence. Petrographical examination has 
more commonly been carried out when samples gave results 
which were discordant to other results from the same 
suite, or when the Rb/Sr XRF data indicated that the 
total rock alone would not yield a satisfactory analysis.
Crushing and separation were by standard methods. 
Total rocks samples were obtained from fresh specimens 
of about 500 g (rather larger if the rock was coarse- 
grained) put through jaw and roller crushers. About 40 
g of the crushed rock was repeatedly split and crushed 
to pass a BS 100 sieve, using a vibratory grinder. The 
final sample of about 10 g was extracted by repeated 
splitting.
Preliminary x-ray fluorescence was carried out on 
this crushed rock., or on separated minerals, as loose 
powders. Twenty-second counts were taken; no attempt 
was made at accuracy beyond about five per cent and. the 
results were mostly obtained using a computer programme 
devised by Dr P.A. Arriens.
Chemical preparation was principally as detailed 
in Compston et al (1.965). In general, samples of total 
rock or mineral of about 0.5 g, occasionally as much as
0.7 or as l i t t l e  as 0.25 g were used. After weighing in 
a platinum dish 10 ml of 48% HF was added after damping 
with demineralized water. After about an hour the dish 
was placed on the water bath and the HF evaporated. Five 
ml of HF and 5 ml of HCIO^  were then added and the 
evaporated residue dried on a hot plate at 200-250°C„
The residue was dissolved in about 30 ml 2.5N HC1 and 
transferred to a weighed 100 ml Pyrex beaker and Parafilm 
cover, warmed to ensure mixing, cooled and weighed 
immediately before taking aliquots.
The mass-spectrometry involves two "runs”: a f irs t  
on a sample concentrated in rubidium, with measurement
o 7  o  c  8  7
of the Rb /Rb ratio, a Rb "spike’* of known isotopic
composition having been added in known quantity to a
known quantity of sample. The second run is on a sample
concentrated in strontium, similarly spiked with either
8 4 8fSa "double spike" containing mainly Sr and Sr (early
work, and work on very well-enriched samples) or a "single
84spike" containing mainly Sr
Separate aliquots were taken for Rb and Sr and if 
necessary for unspiked strontium runs. The weight of the 
aliquot was estimated from knowledge of the Rb and Sr 
content of the sample, to have about 15 pg of Rb and 8 pg 
of Sr for the respective runs. The spike addition was of
O  A  0  7the order of 0.4 jog of Sr and 10 |ig of Rb , these 
quantities being those giving low error magnification.
The spiked solutions were then evaporated to dryness 
at no more than 200°, and the residues dissolved in the 
smallest possible quantity of 2.5N HC1 (Sr sample) and IN 
HC1 (Rb sample) and poured on cation exchange columns 
eluted with these acids. The fraction collected was 
evaporated to dryness, and this prepared, sample eventually 
transferred to the two side filaments of triple filament 
bead assemblies using demineralized water and a Pyrex 
pipette. The beads were stored in an oven until used.
In the chemical preparation nearly all rubidium 
aliquots after drying down were baked and leached before 
ion-exchange. Some difficulty with strontium aliquots 
of biotite samples was experienced at one stage but in 
general very satisfactory results were obtained.
Mass-spectrometry All rubidium samples were analyzed
on a Metropolitan-Vickers MS2-SG machine (modified as 
described in Compston et al 1965) with the exception of 
some made in late 1967 on a third solid-source machine, 
this being one built within the Department designed 
jointly by Dr W. Compston, Dr V.M. Bofinger and Mr E. 
Penikis. All strontium samples were analyzed on a 12-inch 
Nuclide Associates Analysis machine, with the exception of
a few made in late 1967 on the third machine.
The MS2-SG is a 6-inch radius, 90° sector machine 
operated at a constant 2 KV in the source. The isotopes 
were compared by rapid peak switching of the magnetic 
field by push-button selection of pre-set values for the 
reference voltage of the magnet current power supply. 
Counting was for one second, with intervals of five 
seconds, to permit response of the magnetic field and 
amplifier.
The Nuclide machine is a 1.2-inch radius 60° sector 
type, modified for geochronological purposes. The 
details of the modification and the method of use are 
given in Arriens and Compston (in press, 1968). The 
machine uses a 6 KV accelerating voltage, which with an 
improved vacuum system reduces ’’tails’*, at least when 
the machine is in good working order. Peak switching 
for earlier work was by push-button control of pre-set 
accelerating voltages; magnet switching being impracticable 
because of slow magnet response. Later an automated 
system was used. This method of voltage switching 
introduces a mass discrimination effect which is linearly 
related to mass difference and can be corrected by
O O Oftnormalising Sr /Sr to a fixed, value (8.375). Counting 
was for two seconds.
The third machine is a 6-inch 90° sector type with 
a double pumping system, operating at 6 KV in the source.
A defining slit built in avoids disturbance of beam 
alignment. Voltage control between the D-plates and the 
filament block enables maximum alignment of the beam 
before passing the slit. Peak switching is by push 
buttons as for the MS2; the magnet is of a permanent 
type with secondary windings allowing for limited field 
shif t.
Each machine has digitized output. On any a minimum
of ten and usually twelve comparisons of each pair of
mass units was made. In Rb runs independent measurements
were made for each filament and a weighted mean calculated.
In strontium runs, it was usual to run both filaments
concurrently. The majority of runs were made with five
groups of measured ratios (88/86, 86/84, 88/86, 87/86,
88/86) which permits the most precise "beam curvature”
8 7and ’’drift” corrections. Correction for Rb contamination
8 7 8-5of the Sr peak was by measuring Rb before and after
8 7the 87/86 group of ratios, adjusting to Rb by dividing 
by 2.6 and subtraction from each 87 peak before calculation 
of the 87/86 ratio. Percentage tail corrections are made 
by measurement from the mass-spectra.
Results were hand-calculated for a few early runs 
but computer programmes were soon adopted» The first 
was by Dr A. Turek. Later Dr P.A„ Arriens devised a 
much more elaborate programme adaptable to other 
purposes and all data have been recalculated using this.
APPENDIX 2 Treatment of Results
There are two ways of handling Rb-Sr age determination
analyses in any attempt to assess age. The first is to
consider each analysis independently. This approach is
normally only practicable if the sample is well-enriched
in radiogenic strontium, so that the age is independent
8 7 86of any significant variation in the initial Sr /Sr
ratio. For samples which are not well-enriched it may
be possible on the basis of some geological or
petrological knowledge to assume with confidence a
87 86particular value for the initial Sr /Sr ratio and 
obtain an age believed to be reliable.
The second way is to graphically express the data 
for a suite of samples. These may be either several 
total-rock samples from one body known to be co-eval; or 
total rock and mineral analyses from the same rock 
sample; or a combination. If the data graph in a linear 
manner, using the method of Compston and Jeffery (1959,
1960) or, as is now more common, that of Nicolaysen (1961) 
then the age can be calculated independently of assumptions 
about the initial ratio, which on the Nicolaysen plot 
is measured by the intercept with the R^ axis. On this 
plot the slope of the line is proportional to the age 
of the samples.
The second method is superior as it is amenable to 
statistical analysis. It has been used here as much as 
practicable, though it obviously has limited applicability 
to reconnaissance work. The principal difficulty arises 
when the scatter of points about the isochron, as the 
line is termed, is more than that permitted by experimental 
error. This implies that some redistribution of 
isotopes - or elements - may have taken place subsequent 
to the initial closing of the chemical system with respect 
to Rb and Sr; it is also possible that some previous 
chemical closure is displayed by relics, and that samples 
having slightly different ages have been grouped together.
Statistical analysis is applied to such sample 
populations, using the method of least squares fitting 
York (1966). In the data reported here a two-error 
regression method of McIntyre et al (1966) is used. A 
Model I isochron on this basis assumes all errors to be 
experimental. When the mean square of weighted deviates 
is statistically greater than 1, the amount by which the 
residual variance exceeds experimental error is then 
considered to be due to some geological cause. The 
calculation, carried out by the computer, is then repeated 
up to three times using different models, and on the 
basis of internal trends within the data recommending
whichever seems more appropriate. These are Models II,
III and IV.
8 7 86Model II assumes a geological variation in Sr /Sr
8 7 86but relates it proportionately to variance in Rb /Sr 
This is thought to be a suitable model for samples both 
cogenetic and co-eval but which have undergone some 
slight redistribution of radiogenic Sr since crystallization. 
It also fits the case of samples having the saune initial
o 7 o aSr /Sr but slightly different ages.
87 86Model III assumes any variation in Sr /Sr to be 
8 7 86independent of Rb /Sr , that is, it accepts slight
87 86differences in initial Sr /Sr values among a suite of 
samples of the same age.
Model IV combines the two.
The programme requires prior estimates for the 
experimental precision of the Y(Sr87/Sr86) and X(Rb8^/Sr8 )^ 
co-ordinates.
For the Y co-ordinate, the variance of Y has been 
taken as uniform at 0.10 x 10“ , based on replicate data 
by Dr A.W. Webb (unpub. thesis, 1968) and Arriens and 
Compston (in press 1968) obtained on the Nuclide machine 
using the later more sophisticated instrumental procedures. 
Using the MS2-SG machine Compston et al (1965), Dr A.
Turek (unpub. thesis 1966) and Dr C. Brooks (unpub. thesis
1965) obtained 0.22 x 10” .^ For high Y values (e.g. over 
1.0) it is likely that the Y-variance is significantly 
higher than 0.10 x 10 however most of the isochrons 
discussed in this thesis are based on lower Y values.
The variance on the X-co-ordinate is related to 
the value of X itself (McIntyre et al 1966) as
var X = CX2
and the value for C has been estimated by McIntyre et al 
(1966), Dr Brooks, and Dr Turek as 0o25 ic 10T^.
APPENDIX 3 The interpretation of Rb-Sr
analyses for age determination
The Rb-Sr analyses listed here when used to calculate 
the age of the rock or mineral sampled involve the use also 
of certain parameters discussed in Appendix 2, They have 
then to be interpreted.
Methods of interpretation of Rb-Sr data have changed 
and are still changing under the impact of new discoveries. 
Much information exists which shows that interpretation 
is rarely simple. It is not proposed to discuss the 
various problems in the fullest detail, but it is 
necessary to make clear the scope of the problem, which 
particularly affects a study concerned, largely with 
metamorphic rocks, and has to some extent influenced the 
type of sampling.
Holmes and Cahen (1955) distinguished three 
categories of ages, but their remarks applied more 
particularly to lead ages and were written at a time when 
rubidium-strontium work was in its early stages. The 
most up-to-date reviews are by Cahen and Snelling (1966), 
Moorbath (1965) and Lambert (1964). The information 
dates from Schreiner (1958), who was the first to date 
a granite by total-rock and separated minerals, Compston 
and Jeffery (1959, 1961), Compston and Jeffery and Riley
(1960), Hart (1961), Nicolaysen (1961), Hurley et al (1963), 
Krummenacher (1961), Jager (1962) but many more recent 
papers confirm or add to their data.
The present study, involving a very large area, has 
necessarily been devoted to attempts at dating a large 
number of samples by the quickest method consistent with 
reliability. To some extent this has led to changes in 
sampling during the course of the study. In general it 
has been my intention to obtain isochrons rather than 
very many separate analyses not suitable for isochronic 
plotting.
The ideal isochron is that for analyses of samples
from one formation or body known or believed to be of
uniform age. Such an isochron provides an age of
crystallization which is subject only to analytical error,
unless within the body there are differences of initial 
87 86Sr /Sr ratio. The analyses can be of several total 
rock samples from different parts of the body (with a 
risk of some initial ratio variation) or of total rock 
and separated, minerals from the same sample (which would 
avoid that risk). The paucity of the latter type among 
my data is due to early discoveries that more often than 
not, mineral analyses indicate ages considerably different 
than those given by total-rock analyses, implying loss
or gain of daughter product. Biotite in particular shows 
this effect; all Ceylon biotites gives ages of 700 m.y. 
approximately or less, though derived from rocks for
which the total rock ages range from 700 m.y. to over 
2000 m.y.
When it was not possible to obtain an isochron with 
a minimum of three analyses, it has sometimes been 
possible to combine a total rock analysis of say a 
granite with that of its accompanying aplite veins, and 
by this means assess the initial Sr87/Sr86 ratio and 
improve the accuracy of the total rock age, which unless 
the granite happened to be particularly well-enriched 
in radiogenic strontium would remain uncertain.
Rather few analyses of separated minerals have been 
made. Plagioclase feldspars have been used to supplement 
group total rock analyses and improve the isochrons.
Biotite analyses have been made commonly to gain information 
about events later than the initial crystallization of 
the rock. Muscovite analyses have normally been made in 
the hope of supplementing information from total rock 
analyses. Potassic feldspar analyses made in the early 
stages showed such discordance with total rock isochrons 
for South India and Sinhalese rocks that scarcely any 
have been made on North Indian rocks.
The main problem for much of India and nearly all 
Ceylon is that dating the Precambrian involves analysis 
of metamorphic rocks, and the interpretation of such 
analyses is not always easy. Much less is known about i t .  
The sampling itse lf  requires care and is inherently 
difficult because of the possible mixed origins of the 
metamorphic rock. Samples from different parts of a 
metamorphic series, especially one of sedimentary origin, 
may contain material of very different provenance. The 
extent that such material becomes homogenized at 
metamorphism with respect to rubidium and strontium can 
be expected to vary with the grade of metamorphism and 
the type of metamorphic rock. For example, a migmatitic 
rock might reasonably be assumed to show variation in
o 7
in itial Sr /Sr between individually distinct veins.
The problem lends itself to detailed study by examination 
of materials varying in composition on different scales, 
but this would have been an impracticable if  very 
interesting diversion. In practice I have used common 
sense in sampling, taking samples of metamorphic rock 
which were as large as possible in the circumstances (up 
to 10 kilogr.) and sampling across banded rocks.
It s t i l l  remains to decide what an age for a 
metamorphic rock means. When a granite crystallizes, all
8 7 86the component minerals are likely to have similar Sr /Sr
ratios. If then it is assumed that each mineral becomes
a closed system in respect of Rb and Sr, the ratios for
each mineral may change differently with time. Later
metamorphism may or may not permit the component minerals
to become temporarily open systems, but if they do then
homogenization results. If the whole sample remained
a closed, system then the total rock analysis can be used
to calculate the age of emplacement of the granite. For
a single analysis that calculation depends, unless the
rock is very well-enriched in radiogenic strontium, upon
87 86making some assumption about the initial Sr '/Sr ratio.
If the sample was not a closed system, the total rock data 
do not permit calculation of the age of emplacement. A 
single analysis does not reveal whether the system was 
closed or not and it is therefore unwise to assume that 
one of even a well-enriched granite can give a true age 
if the granite is in any way metasomatized.
Total rock isochrons of metamorphic rock analyses 
on Indian samples have until now received little study.
The results given here, particularly for the south Indian 
’’Peninsular Gneiss” suggest that for a suite of samples 
from one locality such as a quarry the analyses often 
give consistent results comparable with those for
unmetamorphosed granites* Such suites are best confined
to the non-pegmatitic and non-xenolithic material.
Including that material reduces the accuracy of the
isochron, as does extending the area from which the
samples are taken. This is to be expected. In fact,
extending the area from which Peninsular Gneiss samples
are taken alters the range of possible ages remarkably
little. The results show that it is more reasonable to
postulate contemporaneity of age of metamorphism over
about 200 km for the Peninsular Gneiss than
contemporaneity of granitic intrusion of several separate
bodies within a particular time range in Rajasthan. If
such granites were contemporaneous then the range of
87 86variation of their initial Sr /Sr ratios was greater 
than the range within the Peninsular Gneiss over a very 
large area. It is very possible of course that they were 
both intruded at different times and also had different 
initial ratios. It is equally possible that the 
metamorphism of the Peninsular Gneiss over such a large 
area may have extended over a considerable time and need 
not have been everywhere simultaneous but the apparent 
extent of this time does seem to be short.
Such rocks are much granitized and tend towards 
having the characteristics of a vast granitoid mass.
Metamorphic rocks with a greater original sedimentary 
content might be expected to give less consistent results 
for samples from a wide area. This is the problem in 
much of Ceylon, where the khondalite rocks are probably 
para-gneisses of this kind. The problem seems almost 
insuperable because at this stage of their history the 
rocks are too much changed to reveal whether they were 
originally sediments of very much the same age or, perhaps, 
a folded sequence of widely varying ages.
A further aspect is the probable difference between 
the time of crystallization and the time the component 
minerals in a rock became closed systems. This has been 
particularly discussed by Hurley (1963) and Moorbath 
(1965) following evidence given by Krummenacher (1961)
Jager (1962) and Harper (1964). In small high-level 
intrusions the lag is short but it particularly affects 
deep seated metamorphic rocks, which cool slowly. For 
these the lag has been estimated to be as much as 200 m.y. 
(Cahen and Snelling 1966). The time lag appears to be 
different for different minerals (Aldrich 1965), biotite 
having a longer lag than muscovite. The lag may be less 
in material of larger grain size, so that mineral ages 
for pegmatites may be older than those given by minerals 
in the gneisses the pegmatites intrude.
Finally, the question of the concordance of Rb-Sr
ages for metamorphic rocks with ages obtained by different 
methods such as K-Ar and U-Pb should be mentioned. There 
is no point in discussing it here beyond saying that 
there is a good case for repeating much of the work on the 
same samples by some other method. Some comparison is 
made in the text with K-Ar work done mainly by Russian 
workers. A small number of K-Ar analyses were done in 
Canberra on hornblende from several Ceylon samples I 
collected, but none of these particular samples were 
suitable for Rb-Sr work so a direct comparison is not 
strictly possible.
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